PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 
Not classified 



A2 



(11) International Publication Number: WO 99/65287 

(43) International Publication Date: 23 December 1999 (23.12.99) 



(21) International Application Number: PCT/IL99/00333 

(22) International Filing Date: 16 June 1999 (16.06.99) 



(30) Priority Data: 
124961 



16 June 1998 (16.06.98) 



IL 



(71) Applicant (for all designated States except US): ORBOTECH 

LTD. [IUIL]; P.O. Box 215, 81 102 Yavne (IL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): HARZANU • Benyamm 
[ILrtL]' Tzitvonit Street 9, 70400 Nes Ziona (IL). WEBER, 
Raviv '[ILrtL]; Savion Street 3, 78764 Ashkelon (IL). 
GOLAN, Hanan [IL/IL]; Tarshish Street 21, 60406 Or 
Yehuda (IL). 

(74) Agents: COLB, Sanford, T. et ah; Sanford T. Colb & Co., P.O. 
Box 2273, 76122 Rehovot (IL). 



(81) Designated States: AE, AL, AM, AT, AT (Utility model), AU, 
AZ, BA, BB, BG. BR. BY, CA t CH, CN, CU, CZ, CZ 
(Utility model), DE, DE (Utility model), DK, DK (Utility 
model), EE, EE (Utility model), ES, FI, FI (Utility model), 
GB GD, GE, GH, GM, HR, HU. ID, IL, IN, IS, JP, KE, 
KG KP KR. KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, 
MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, 
SG, SI. SK, SK (Utility model), SL, TJ, TM, TR, TT, UA, 
UG, US. UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, 
KE,' LS, MW, SD, SL, SZ, UG, ZW), Eurasian patent (AM, 
AZ BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAP1 patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: NON-CONTACT TEST METHOD AND APPARATUS 




(57) Abstract 



This invention discloses an apparatus for electrical testing of an electrical circuit (12) having first and second side surfaces and 
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^7mS^^«M of the electrical circuit and being operative to apply thereto a stimulahon ele^magneuc field in a 
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« ^ to sense a resulting electromagnetic field produced by application of the simulation ^electromagnetic field at 

various Sta in a noiv^ontact manner wherein at least one of the at least one stimulation electrode and the at least one sensing 
l\M two electrodes at least one of which is disposed adjacent each of the first and second side surfaces of *e electrical 
Sf A 22 fo Seal testing of an electrical circuit having first and second side surfaces and mclud.ng a plurality of conductors 
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NON-CONTACT TEST METHOD AND APPARATUS 

FIELD OF THE INVENTION 

The present invention relates to equipment and methods for testing the electrical 
5 integrity of electrical circuits, and more particularly to equipment and methods for the 
non-contact electrical testing of printed circuit boards ("PCBs"), chip carriers and similar 
electrical circuits having conductors of various configurations. 

BACKGROUND OF THE INVENTION 

Electrical circuits, such as PCBs and chip carriers, are generally tested after 

10 manufacture to determine whether or not all of the conductors and other electrically 
conductive elements in the circuit are in their designated positions and to ensure that they 
are not unintentionally cut, shorted or otherwise have an undesired continuity or lack 
thereof. The conductors of electrical circuits are normally interconnected to define nets. 

Conventional methods and apparatus for electrically testing electrical circuits 

15 typically employ some kind of physical contact with the nets. For example, in moving 
probe apparatus, a pair of probes may be physically moved by an X-Y mechanism into 
and out of contact with terminals of various nets. Because nets are tested sequentially by 
moving the probes from net to net, moving probe testing is a relatively slow method for 
electrically testing complicated electrical circuits. 

20 Another method for electrically testing electrical circuits employs a so-called 

"bed-of-nails" testing fixture. A bed-of-nails fixture typically includes a large number of 
pins, which are positioned so that when a circuit to be tested is pressed thereagainst, the 
pins come into electrical contact with pads at the terminal ends of each net to establish 
electrical contact therewith. The conductivity of each net is subsequently measured. 

25 Although an electrical circuit can be tested much faster on an existing bed-of-nails fixture 
than by using a moving probe, bed-of-nails testing requires a dedicated fixture to be 
constructed for each electrical circuit configuration. As a result, bed-of-nails testing is, 
overall, a time consuming and costly solution. 

Electrical testing methods which rely on physical contact with an electrical 

30 circuit to be tested, such as the moving probe and bed-of-nails methods described above, 
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suffer from at least two additional fundamental disadvantages: First, as the size of pads 
at the terminal ends of conductors on electrical circuits decreases and their density 
increases, it becomes increasingly difficult to obtain adequate electrical contact 
therewith. Second, physical contact between conductor pads and the probes or pins may 

5 damage the pads. 

To overcome these difficulties, a number of non-contact electrical testing 
methods have been proposed. One non-contact printed circuit board testing method is 
described in U.S. Patent No. 5,218,294, issued to Soiferman. The patent describes 
stimulating a PCB under test with an AC signal through power and ground lines or 

10 layers, or in a non-contact manner by employing a near-field active antenna. The 
resulting stimulation generates an electromagnetic field which characterizes the PCB 
under test. The electromagnetic field proximate to the PCB under test is measured in a 
non-contact manner and compared to the electromagnetic field of a known faultless 
circuit board to determine whether the PCB under test is defective. 

15 U.S. Patent No. 5,517,110, also issued to Soiferman, describes non-contact 

stimulation of a PCB by a pair of stimulators located adjacent to the PCB on one side 
thereof. A resulting electromagnetic field is detected using a sensor array located 
between the stimulators on the same side of the PCB. 

U.S. Patent No. 5,424,633, issued to Soiferman describes a spiral loop antenna 

20 useful in the electrical testing of PCBs, as well as electrical testing in which an 
electromagnetic field is applied to a first side of a PCB under test by a non contact 
stimulator and an array of non-contact sensors on an opposite side of the PCB is 
operative to measure an electromagnetic field that is characteristic of the PCB when 
stimulation is applied. This system is able to electrically test nets that have terminal 

25 points on opposite sides of a PCB and relatively thin PCBs that do not have internal 
metal layers. 
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SUMMARY OF THE INVENTION 

The present invention seeks to provide improved methods and apparatus for 
non-contact electrical testing of electrical circuits such as PCBs. For the purpose of the 
description and claims which follow, an electrical circuit being tested is referred to as a 
5 "board under test" or "BUT". 

One aspect of a preferred embodiment of the present invention provides for the 
non-contact electrical testing of BUTs, such as PCBs, that have nets which begin and 
terminate on the same side thereof, and that have other nets which begin and terminate 
on opposite sides thereof. 
10 Another aspect of a preferred embodiment of the present invention provides for 

the non-contact electrical testing of BUTs, such as PCBs, that have internal metal layers 
and conductors that cross through or between the metal layers. 

In accordance with a preferred embodiment of the invention, non-contact 
electrical testing of BUTs, such as PCBs, that have nets which begin and terminate on 
15 the same side as well as nets which begin and terminate on opposite sides is performed 
generally simultaneously. One side of a BUT is stimulated with an AC electric field at a 
first frequency and the other side of the BUT is stimulated with an AC electric field at a 
second frequency. Potentials induced by the different frequency stimulation in conductors 
on the BUT are measured and separated according to frequency. 
20 It is readily appreciated that by applying stimulation to both sides of the BUT 

that results in separable potentials that are identified with stimulation applied to one side 
or the other of BUT, the electric continuity in different types of conductors on a BUT 
can be tested simultaneously. 

In accordance with a still further aspect of the present invention, a pattern of 
25 potentials on a BUT is analyzed and compared to a pattern characteristic of an electrical 
circuit known to be not defective. 

There is thus provided in accordance with a preferred embodiment of the present 
invention an apparatus for electrical testing of an electrical circuit having first and second 
side surfaces and including a plurality of conductors, the apparatus including at least one 
30 stimulation electrode disposed adjacent at least one of the first and second side surfaces 
of the electrical circuit and being operative to apply thereto a stimulation electromagnetic 

3 
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field in a non-contact manner, at least one sensing electrode disposed adjacent at least 
one of the first and second side surfaces of the electrical circuit and being operative to 
sense a resulting electromagnetic field produced by application of the stimulation 
electromagnetic field at various locations thereon in a non-contact manner, wherein at 

5 least one of the at least one simulation electrode and the at least one sensing electrode 
includes at least two electrodes at least one of which is disposed adjacent each of the 
first and second side surfaces of the electrical circuit. 

Further in accordance with a preferred embodiment of the present invention the 
at least one simulation electrode includes at least first and second simulation electrodes 

10 disposed adjacent respective ones of the first and second side surfaces of the electrical 
circuit. 

Still further in accordance with a preferred embodiment of the present invention 
the at least one sensing electrode includes at least first and second sensing electrodes 
disposed adjacent respective ones of the first and second side surfaces of the electrical 
15 circuit. 

Further in accordance with a preferred embodiment of the present invention there 
is provided at least one stimulation signal generator providing at least one stimulation 
signal to the at least one stimulation electrode. 

Additionally in accordance with a preferred embodiment of the present invention 
20 the at least one stimulation signal generator provides stimulation signals to a plurality of 
stimulation electrodes in a manner such that signals induced in the electrical circuit by 
individual ones of the stimulation electrodes may be distinguished from each other, and 
preferably also includes at least one separating detector for receiving from the at least 
one sensing electrode signals induced in the electrical circuit by individual ones of the 
25 stimulation electrodes and distinguishes the signals from each other. 

Additionally the apparatus for electrical testing of an electrical circuit also 
includes a signal analyzer operative to analyze at least one signal received from the at 
least one sensing electrode and a comparator receiving at least one signal derived from 
the resulting electromagnetic field and operative to compare the at least one signal with 
30 a reference. 

Preferably the apparatus for electrical testing of an electrical circuit also includes 
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a defect report generator providing a defect report relating to the electrical circuit based 
on the output of the comparator. 

Additionally in accordance with a preferred embodiment of the present invention 
the at least one stimulation electrode includes first and second stimulation electrodes 
5 arranged to be disposed alongside a first side of the electrical circuit and a third 
stimulation electrode arranged to be disposed alongside a second side of the electrical 
circuit. Preferably the at least one sensing electrode includes a linear array of sensing 
electrodes. 

Still further in accordance with a preferred embodiment of the present invention 
10 the linear array is disposed intermediate the first and second stimulation electrodes. 

Additionally or alternatively the at least one stimulation electrode includes a 
linear array of stimulation electrodes. 

Preferably the at least one sensing electrode includes first and second sensing 
electrodes arranged to be disposed alongside a first side of the electrical circuit and a 
15 third sensing electrode arranged to be disposed alongside a second side of the electrical 
circuit. 

Further in accordance with a preferred embodiment of the present invention the 
at least one sensing electrode includes first and second sensing electrodes arranged to be 
disposed alongside a first side of the electrical circuit. 
20 Still further in accordance with a preferred embodiment of the present invention 

the linear array is disposed intermediate the first and second stimulation electrodes. 

Moreover in accordance with a preferred embodiment of the present invention 
the at least one signal generator provides signals having different frequencies to different 
ones of the stimulation electrodes, and the at least one signal generator provides 
25 multiplexed signals to different ones of the stimulation electrodes. 

Preferably the at least one stimulation electrode includes a plurality of individually 

controllable sections. 

There is also provided in accordance with a preferred embodiment of the present 
invention a method for electrical testing of an electrical circuit having first and second 
30 side surfaces and including a plurality of conductors, the method including the steps of 
applying an electromagnetic field in a non-contact manner to at least one of first and 



5 



WO 99/65287 



PCT/IL99/00333 



second side surfaces of the electrical circuit and sensing a resulting electromagnetic field 
in a non-contact manner at various locations along at least one of the first and second 
side surfaces of the electrical circuit, wherein at least one of the applying and sensing 
steps employs non-contact electrodes disposed along both the first and second side 

5 surfaces of the electrical circuit. 

Further in accordance with a preferred embodiment of the present invention the 
applying step includes employing at least first and second simulation electrodes disposed 
adjacent respective ones of the first and second side surfaces of the electrical circuit to 
apply at least one electromagnetic field thereto. 

l0 Preferably the sensing step includes employing at least first and second sensing 

electrodes disposed adjacent respective ones of the first and second side surfaces of the 
electrical circuit to sense the resulting electromagnetic field. 

Still further in accordance with a preferred embodiment of the present invention 
at least one stimulation signal and is generated and provided to at least one stimulation 

15 electrode. 

Additionally in accordance with a preferred embodiment of the present invention 
the generating step includes providing stimulation signals to a plurality of stimulation 
electrodes in a manner such that signals induced in the electrical circuit by individual 
ones of the stimulation electrodes may be distinguished from each other. Additionally or 
20 alternatively the method also includes receiving signals induced in the electrical circuit 
by individual stimulation electrodes and distinguishing the signals from each other. 

Preferably the method electrical testing of an electrical circuit also includes 
analyzing at least one signal induced in the electrical circuit. 

Moreover according to a preferred embodiment, the present invention also 
25 includes receiving at least one signal derived from the resulting electromagnetic field 
and comparing the at least one signal with a reference. Preferably the step also includes 
providing a defect report relating to the electrical circuit based on the comparing step. 

Additionally according to a preferred embodiment of the present invention the 
applying step employs first and second stimulation electrodes disposed alongside a first 
30 side of the electrical circuit and a third stimulation electrode disposed alongside a 

second side of the electrical circuit. 
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Still further according to a preferred embodiment of the present invention the 
sensing step employs a linear array of sensing electrodes. The linear array may also be 
disposed intermediate first and second stimulation electrodes. 

Additionally according to a preferred embodiment of the present invention the 
5 applying step employs a linear array of stimulation electrodes. Furthermore the linear 
array is disposed intermediate first and second stimulation electrodes. 

Preferably the sensing step employs first and second sensing electrodes disposed 
alongside a first side of the electrical circuit and a third sensing electrode disposed 
alongside a second side of the electrical circuit. Additionally or alternatively the sensing 
10 step employs first and second sensing electrodes disposed alongside a first side of the 
electrical circuit. 

Preferably the method for electrical testing of an electrical circuit includes a 
generating step in which signals having different frequencies are provided to different 
ones of the stimulation electrodes. Additionally or alternatively the generating step 
15 includes providing multiplexed signals to different ones of the stimulation electrodes. 

Still further in accordance with a preferred embodiment of the present invention 
the applying step employs at least one stimulation electrode including a plurality of 
individually controllable sections. 

Additionally according to a preferred embodiment of the present invention also 
20 includes the step of grounding an intermediate metal layer in the electrical circuit. 

Moreover in accordance with a preferred embodiment of the present invention 
the sensing step includes sensing potentials on one side of the electrical circuit and 
sensing potentials on the opposite side of the electrical circuit. 

There is also provided in accordance with yet another preferred embodiment of 
25 the present invention a method for electrical testing of a multi-layered electrical circuit 
having first and second side surfaces and including a plurality of conductors, the method 
including the steps of grounding an intermediate metal layer in the electrical circuit, 
inducing potentials into at least some of the conductors of the electrical circuit, and 
sensing a resulting electromagnetic field in a non-contact manner at various locations 
30 along at least the first side surface thereof to obtain electromagnetic field data 
characteristic of the electrical circuit. 
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Further in accordance with a preferred embodiment of the present invention also 
includes sensing a resulting electromagnetic field at various locations along at least the 
second side surface thereof to obtain electromagnetic field data characteristic of the 

electrical circuit. 

Still further in accordance with a preferred embodiment of the present nwent™ 
the electromagnetic field data is for the potential in conductors including the electncal 
circuit. Furthermore, the inducing step may include inducing potentials on both a first 
side and a second side of the electrical circuit. 

Additionally in accordance with a preferred embodiment of the present invent™ 
10 the inducing step includes inducing potentials on the first side of the electrical circmt 
which are differentiable from potentials induced on the second side of the crcurt. 

Moreover in accordance with a preferred embodiment of the present invenuon 
the inducing step includes inducing potentials which are differentiable by frequency. 

Still further in accordance with a preferred embodiment, the present invent™ 
„ provides a method for electrical testing of a multi-layered electrical circuit wherem the 
inducing step includes inducing potentials which are multiplexed. 

Moreover in accordance with a preferred embodiment of the present invent™ 
the sensing step includes sensing electromagnetic field data on one side of the electncal 
circuit Preferably the sensing step further includes distinguishing the electromagnet, 
20 field resulting from potentials induced on the first side of the electrical circuit from t e 
e ,ectromagnetic field resulting from potentials induced on the second side of the 

electrical circuit. . 

Further in accordance with a preferred embodiment of the present invent™ the 

inducing step includes inducing potentials on a first side of the electrical circuit. 

25 Additionally or alternatively the inducing step employs a plurality of simulators, 

and each stimulator induces potentials which are differentiable by frequency. Preferably 

the inducing step employs a plurality of stimulators, and each stimulator mduces 

potentials which are multiplexed. 

Additionally in accordance with a preferred embodiment of the present invent™ 
30 the sensing step employs at least a first sensor and a second sensor arranged along a first 
side of the electrical circuit. Preferably the sensing step additionally employs a thrd 
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sensor located along a second side of the electrical circuit. 

Moreover in accordance with a preferred embodiment of the present invention 
also includes correlating electromagnetic field data sensed by the sensors to a stimulator. 
Additionally or alternatively a preferred embodiment of the present invention also 
5 includes determining electrical continuity of at least some of the conductors by 
comparing the electromagnetic field data to reference electromagnetic field data 
characteristic of a desired electrical circuit. 

Still further in accordance with a preferred embodiment of the present invention 
the inducing step is carried out in a non-contact manner. 
l0 There is further provided in accordance with a preferred embodiment of the 

present invention a method for electrical testing of a multi-layered electrical circuit 
having first and second side surfaces and including a plurality of conductors, the method 
including the steps of stimulating the electric circuit to induce in proximity thereto an 
electromagnetic field, acquiring electromagnetic field data in a non-contact manner at 
15 various locations along the first side surface, acquiring electromagnetic field data in a 
non-contact manner at various locations along the second side surface, and determining 
electrical continuity characteristics of the conductors by analysis of electromagnetic field 
data for the first side surface and by analysis of electromagnetic field data for the second 
side surface. 

20 Preferably in the method for electrical testing of a preferred embodiment of the 

present invention, the analysis steps employs reference data which is characteristic of an 
electrical circuit having known structure. 

Still further in accordance with a preferred embodiment of the present invention 
the electrical circuit is a multi-layered circuit which includes at least one intermediate 
25 layer which is substantially completely metalized, and the method includes grounding the 
at least one substantially completely metalized layer. 

There is further provided in accordance with a preferred embodiment of the 
present invention a method for electrical testing of an electrical circuit having a plurality 
of electrically conductive elements, the method including the steps of applying a first 
30 electromagnetic field to the electrical circuit with at least one stimulator located near but 
not contacting the article on a first side thereof, applying a second electromagnetic field 
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to the article at generally the same time as the first electromagnetic field with at least one 
stimulator located near but not contacting the article on a second side thereof, and 
separately detecting first and second potentials induced on the electrically conductive 
elements of the article by the first and second electromagnetic fields, respectively. 
5 Further in accordance with a preferred embodiment of the present invention the 

first and second steps of applying an electromagnetic field include the steps of generating 
electromagnetic signals of first and second frequencies, respectively. 

Still further in accordance with a preferred embodiment of the present invention 
the step of separately detecting includes the step of sensing the potentials with at least 
10 one sensor located near the first side of the article. Preferably the method further includes 
the step of scanning by at least one sensor. 

Additionally according to a preferred embodiment of the present invention the 
step of scanning includes the step of scanning in a first scanning direction and followed 
by the step of scanning in a second scanning direction which is substantially 
15 perpendicular to the first scanning direction. Additionally or alternatively the step of 
scanning includes the step of scanning the article in a first position followed by the step 
of scanning the article in a second position which is upside-down from the first position. 

Preferably the method further including step of grounding internal metal layers of 
the article. 

20 There is also provided in accordance with a preferred embodiment of the present 

invention an apparatus for electrically testing an article having an electric circuit therein 
formed of a plurality of conductors, in which the apparatus includes (i) a first 
electromagnetic field generator applying a first electromagnetic field to the article, 
wherein the first field generator includes at least one stimulator located near but not in 
25 contact with a first side of the article, and (ii) a second electromagnetic field generator 
applying a second electromagnetic field to the article, wherein the second field generator 
includes at least one stimulator located near but not in contact with a second side of the 
article, wherein the second side is opposite the first side, and (iii) a sensor operative to 
separately detect first and second potentials induced on the conductors by the first and 
30 second electromagnetic fields, respectively. 

Further in accordance with a preferred embodiment of the present invention the 
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sensor includes an array of sensors adjacent to the at least one stimulator of the first field 
generator. Preferably the first field generator generates an electromagnetic field at a first 
frequency, and the second field generator generates an electromagnetic field at a second 
frequency. Additionally or alternatively in the apparatus for electrically testing an article, 
5 the first field generator includes a first stimulator and a second stimulator operative to 
generate the electromagnetic field. 

Additionally according to a preferred embodiment of the present invention the 
first stimulator and second stimulator each generate a field which are 180 degrees out of 
phase with respect to each other. Preferably the stimulators are made of a plurality of 

10 strip-shaped elements. 

Still further in accordance with a preferred embodiment of the present invention 
the strip-shaped elements extend obliquely relative to the array of sensors. 

Additionally or alternatively at least one of the stimulators is made of a plurality 
of patch-shaped stimulators. 
15 There is also provided in accordance with a preferred embodiment of the present 

invention a method for electrically testing an article having a plurality of conductors 
therein, which preferably includes the steps of subjecting a first side of the article to an 
electromagnetic field with at least one stimulator in close but not in contact arrangement 
with a first side of the article, scanning the side of the article in at least two partially 
20 orthogonal directions with a not in contact sensor, sensing potentials induced on the 
conductors by the electromagnetic field, and analyzing the potentials to determine the 
existence of defects in the elements. 

Still further in accordance with a preferred embodiment of the present invention 
the method also includes the additional steps of subjecting a second side of the article to 
25 a second electromagnetic field with a second stimulator in close but not in contact 
arrangement with the second side, scanning the side of the article in at least two at least 
partially orthogonal directions with a not in contact sensor and sensing the induction of 
potentials induced on the elements by the second electromagnetic field, and analyzing the 
potentials induced by the second electromagnetic field to determine the existence of 

30 defects in the elements. 

Additionally according to a preferred embodiment of the present invention the 
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article is subjected to the first and second electromagnetic fields at generally the same 
time. Preferably the electromagnetic fields are propagated at different frequencies. 
Additionally or alternatively the article includes a metal layer, and the metal layer is 
grounded. 

5 Moreover according to a preferred embodiment of the present invention the 

article is subjected to the first and second electromagnetic fields one after the other. 

There is also provided in accordance with a preferred embodiment of the present 
invention a method for the electrical testing of an article having a plurality of electrically 
conductive elements and internal conductive layers, the method including the steps of 

10 subjecting the article to an electromagnetic field with at least one stimulator in close but 
not in contact arrangement with at least one side of the article, grounding the internal 
conductive layers of the article, scanning the at least one side of the article with a not in 
contact sensor and sensing the induction of potentials induced on the elements by the 
electromagnetic field, and analyzing the potentials to determine the existence of defects 

15 in the elements. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
These and other features and advantages of the present invention will become 
apparent from the ensuing detailed description of the preferred embodiments, given by 
way of example only, when taken in conjunction with the drawings, . in which: 
5 Fig. 1 is a simplified pictorial illustration of non-contact electrical testing 

apparatus, constructed and operative in accordance with a first preferred embodiment of 
the present invention; 

Fig. 2 is a schematic cross-sectional illustration of a simplified BUT together 
with stimulators and sensors in accordance with a preferred embodiment of the present 
10 invention, taken along line II— II in Fig. 1 ; 

Fig. 3 is a schematic circuit diagram of an exemplary circuit useful as part of a 
separating detector forming part of the hardware of Fig. 1; 

Figs. 4A and 4B are simplified illustrations of unbroken and broken conductors 
extending entirely along a first surface of a BUT in spatial registration with a diagrams of 
15 potentials sensed thereon; 

Figs. 5A and 5B are simplified illustrations of unbroken and broken conductors 
extending entirely along a second surface of a BUT in spatial registration with diagrams 
of potentials sensed thereon; 

Figs. 6A - 6D are simplified illustrations of unbroken and broken conductors 
20 having a portion extending along a first surface of a BUT, a portion extending through 
intermediate parts thereof, and a portion extending along a second surface thereof, in 
spatial registration with diagrams of potentials sensed thereon; 

Figs. 7A - 7D are simplified illustrations of the unbroken and broken conductors 
shown in Figs. 6A - 6D, but in upside-down testing orientation, in spatial registration 
25 with diagrams of potentials sensed thereon; 

Figs. 8A - 8C are simplified illustrations of unbroken and broken conductors 
having a portion extending along a first surface of a BUT, a portion extending through 
intermediate parts thereof, and another portion extending along the first surface thereof, 
in spatial registration with diagrams of potentials sensed thereon; 
30 pigs. 9A - 9C are simplified illustrations of the unbroken and broken conductors 

shown in Figs. 8A - 8C, but in upside-down testing orientation, in spatial registration 
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with diagrams ot potentials sensed thereon; 

^ 1 OA. 1 OB m simp«fi«da.u*aaonsof W on M - ! ho n «d«»l'»osho™d 

Figs ,A-U B ».^«»**' srf ' te, ™™* m4 " l! ^, 
u in Has 10A - 10B but to upside-oown testing oriotation, to spsml 
5 conductors shown in "gs- 

-nr,:r :rrtr — 

"Tu is . — of « — 

» ^«^-^^-— -•-- d • , * ,--, * , ■ 

^T^s^c^^oran^^u^^oU 

..p^ deteoor forndng part of the harfw«e of Fig. 14. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 

p^eisnowmadetoFig. 1 »*i=h is a schemrtc illusion of oon^ooua 
decncal testing m-»- conarucc and operative in accordance • P— - 
embodhnen, of.h« present — Testing apparatus 1. * «"*"*J~-~ 

, contact electrical testing of electric* <** «h as are found on a BUT .2, ha™* a 
nultiplicity of electrical conductors »3. Although the present invention . gene* , 
described in the conte* of „on-c«ac, electrical testing of printed circun boards, » ,, 
^ appreciated that ft. methods * W— **- ^ " 
applicable to the non-contac, MM t«>ting of other electiica, M. indudutg. •» 

,„ Inple chip criers, bali grid arta, substrates, muni-chip modn.es, hybnd cr^ 
spates and printed circuit board, loaded with electronic component,, M»» 
toein to BUTs shall be deemed to «M> 'efer to other sm.able stnular forms of 

electrical circuits. . 

„ a preferred embodiment of the invention, testing apparatits 10 rncludes wo 

B fits, ,id. stimulus .4 and .6 disposed to b. adjacent ,0 a tat side of a BUT 12 and a 
Srs, signal generator ,8 supplying Brs. AC electrical stimulation sign* to stimulator 
JL 14 and ,6, heretic referred ,0 a, stimulators. A second side stir-ator 
M 20, hereinafter referred to as stimulator 20, is disposed to be »d,ace», o «n 
opposite side of the BUT 12 and a second sign, generator 22 P^""* « 
20 jLcal stimu,tion sign* thereto An array of sensor decodes 24, pre** 
uprising a pluraht, of individual »sors 25 arranged *, a Une ,s prefers* 
disposed between stimulators 14 and 16, Preferably, ft. side stimulator, ,4 and .6 and 
slots 25 are cnftgured * as described in U.S. Patent 5,5.7,110, incorporated herem 
bv reference. 

A separating detector 26 receives the outputs of each sensor 25 and supphes 
,„ a sign* analy^ 28 which outputs to a comparator and report generator 30 
— " Hand 16 and' -second side stm-or 

» relate to then respective locations as shown in F„ 1. .. is 
ft. s«d in .be ar, tha, ft. import., factor relating , the position of tr* — * 
,„ is tha, ft. two se« of stimulators are on geometrically opposing stdes of BUT 12. 
not of consequence which stimulators are above o, below BUT 12. 
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Preferably, the AC signals provided by first generator 18 and second generator 
22 respectively are different. For example, the AC signals provided by first generator 18 
to first side stimulators 14 and 16 are at a first frequency Fl while the AC signals 
provided by second generator 22 for second side stimulator 20 are at a second frequency 
5 F2. Preferably, first signal generator 18 provides signals to respective first side 
stimulators 14 and 16 which are equal in amplitude and 180° out of phase with respect 
to each other. 

It is readily appreciated that instead of distinguishing the AC signals by 
frequency , the signals provided by first generator 18 and second generator 22 may be at 
10 the same frequency but distinguished from each other by suitable known signal 

separation techniques. 

When energized by the AC electrical stimulation signals, first and second first 
side stimulators 14 and 16 and second side stimulator 20 generate electromagnetic fields 
which stimulate BUT 12 and induce measurable potentials on conductors 13 of BUT 12. 
,5 Each sensor 25 in array 24 senses the potential induced in the conductors. Preferably, 
the potentials are sensed by sensors 25 by capacitive coupling. Alternatively any other 
suitable sensing technique may be employed. 

Preferably, the AC electrical simulation signals have a frequency in the range of 
10 KHz to 20 MHz, and more preferably about 1 MHz. First side stimulators 14 and 16 
20 are preferably each as large as BUT 12 and separated therefrom by an air gap typically 
0.2 mm - 2 mm, preferably as thin as possible due to mechanical limitations, or other 

suitable insulating layer. 

In a preferred embodiment of the present invention, BUT 12 and second side 
stimulator 20, which is preferably sufficiently large to underlie all of BUT 12, are moved 
25 linearly past sensor array 24 and stimulators 14 and 16. It is readily appreciated that 
alternatively BUT 12 and stimulator 20 may be held stationary while sensor array 24 and 
stimulators 14 and 16 are moved. Other combinations may also be suitable to scan BUT 
12 with sensor array 24. 

As is readily appreciated, the potentials induced in conductors 13 are 
30 distinguishable from each other to the extent that the stimuli which indue* these 
• potentials are distinguishable from each other, for example by frequency or by 
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multiplexing. . nTrr1 , 

By employing information indicating potentials at various locations on BUT 
sensed by sensors 25, signal analyzer 28 generates a precise representation character^ 
of potentials in conductors 13 on a BUT 12, which indicates, inter alia, conductor 
, continuity and which includes information regarding shorts and breaks in conductors 

constituting defects. . 

The representation provided by signal analyzer 28 to comparator and report 
generator 30 enables provision of a defect report 34 indicating defective electncal 
continuity in conductors 13 of BUT 12 (Fig. 1), such as missing continuity where 
l0 continuity is expected (opens and cuts in conductors) and excess continuity where not 
expected (shorts between conductors). The defect report preferably is generated by 
comparing the representation supplied by signal analyzer 28 with a reference 32 
representing a non-defective printed circuit board having the same design. 

~*a* tn Fie 2 which is a schematic cross-sectional 
Reference is now made to fig A wmwi 
15 lUustrationofatypicalarrangement of conductors 13 of a simplified BUT 12 together 
stimulators 14. 16and20 and sensors 25 (Fig. 1). In the illustrated example BUT 
12 has a first surface 40 and a second surface 42, opposite to first surface 40, and 
comprises several electrical conductors 13, including: 

(I) a conductor 50 located entirely along first surface 40; 
20 (II) a conductor 52 located entirely along second surface 42; 

(HI) a first metal plane 54 located intermediate first and second surfaces 40 and 
42, which is preferably grounded during testing; 

(TV) a second metal plane 56 located intermediate first metal plane 54 and 
second surface 42, which is preferably grounded during testing; 

(V) a conductor 58, including a first portion 60 extending along second surface 
42 and being connected through a plated via hole 62 to a second portion 64 located 
intermediate first metal plane 54 and second metal plane 56, which is in turn connected 
through a plated via hole 66 to a third portion 68, which extends along first surface 40; 

(VI) a conductor 70, including a first portion 72 extending along first surface 
30 40 and being connected through a plated via hole 74 to a second portion 76 located 

intermediate first metal plane 54 and second metal plane 56, which is in *rn connected 
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, ■ ui T«tn a third oortion 80, which extends along first surface 40. 

^ * — i ~ ~ C r~ r. 

Convey, Ml « - P"""* «*"'*- "™ ^ 

conductors is produced. However, u 

j j „ nntpntial is not induced in the metal layer. 

,o situated across .he grounded metal layer from the «»or. 

• MoescHbedingreaterde-her^ow-retere^^^^A-.m,^ 

ructal ». 54 ar^ along first surface 40 adjacent thereto, such as colors 50, 58 and 

l5 5.--.— — - — ^ 

rf 58 in Ft, 2 It is a particular feature of a preferred err.bodur.en, of the present 
Zl tha, is no, .a^cnen b«»een two - layers are sttr-ed - 

u« 54 Sensors 25 are no. able .0 sense potential on other conductor pomons to 

25 orientation illustrated in Fig. 2, the iiu 1 «m f 

lors 25 adjacent second surface 42. Wh. BUT ,2 is in this onenUtto, 

to seL potentiau on conductor pernors lending a,ong second surface 42 . 
do»n to second tneul pi- 5, 1, is apprectated th* potentials on conduct 

- plane 54 are grounded. 
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„ is also appreciated potenuals on conduces which extend e«*.ly m » 

i- ,„ ,„ lh . sea™,,, direction indicated in Fig. 2 may not be 
direction perpendicular to the scanning 

«*d. Fo, this teasor, norm* mllowtng tesung of a BUT - *. 
oltauon Ulustrated m Fig. 2, the BUT i, routed by 90 degree and — » - 
s 1 aU of the conductors are rotated by 90 degrees with respect to the scaring 
Lion. , „ thus appreciated tha, « -esung of a BUT ,2 preferabiy nwolve, four 
passes through the apparatus of Fig. 1. 

Reference is now made to Fig. 3, which is a schemauc cucuit diagram of a 
prferred embodiment of a seating circuit 127 in s^araung detector 26 (Fig. 1). An 
,„ urpu, from sensor 25 is suppUed to an amphfier 128, wtach outpu. to first and second 
"Irs 130 and ,32 which reCve respecfive « inputs * - - 
aerators 18 and 22 respectively (Fig. 1). The outputs of mrxers 130 and 132 are 

zz» — ^ 134 - i * r: 

Triers 130 and 132 are DC vohages proportona, to the amides of *e resp^ 
1S rl or F2 fluency components of the <** fiom sensor 25 and a . undesirable AC 
Z**^*** — -""*" the components of me freo.enc.esF 
I F2 tL * .34 and ,36 remove me undes^le AC signal portion and prov.de 
DC voltages, on. relatmg to a sign, of frequency Fl and the other tela »g 
„ a signal of freoue*, F2, to sign- analyzer 28, preferab,y vi, an A/D confer (no 

24, however, it is appreciated that signal, from sensors 25 may be mulnpted to a lesser 

number of separating circuits 127. 

The fin. side sumulators ,4 and 16 preferably generate signals of the sam 
frequency Fl, but which are 180 degrees o„, of phase with each other. The signal 

Jof me po,en»»ls induce, in me conductors 13 by sudors 14 and The 
Tplilde and phase of mis signal componeu, depends on the location of the conductors 
He ,„ the Lions of the firs, side sumul tt ors ,4 and ,6. Alternately, me ft. side 
^to^M^iecimbeenergizedin-pliasevntheachother. 

Refer^isnown»de.oF, 8 .4AwlUchshov«decttrcalp.,en,^,s«-b, 

sensor 25 (Fig. 2, lymg above firs, surface 40 of a BUT 12, mduced „ a 
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conductor, such as conductor 50 shown in Fig. 2, which extends along first surface 40, 
by an electromagnetic field generated by first side stimulators 14 and 16 and second side 
stimulator 20 in the arrangement of Fig. 2. In Fig. 4A, at least one grounded metal layer 
90, such as a ground plane or a power plane, extends between first and second surfaces 

5 40 and 42 of BUT 12. 

Fig 4A includes a representation of conductor 50 arranged in spatial 
registration with a first diagram 100 of the potential thereon, induced by stimulators 14 
and 16 and sensed by sensor 25, as a function of the position along conductor 50 of the 
midpoint between stimulators 14 and 16 along the scanning direction shown in F.g. 2 and 

10 a second diagram 102 of the potential on conductor 50 induced by stimulator 20 as a 
function of the position along conductor 50 of a sensor 25 along the scanning direct™ 
shown in Fig. 2. 

It is seen in diagram 100 that as the conductor 50 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
1, potential on the conductor 50 induced by stimulators 14 and 16 goes quickly from a 
zero value up to a positive value + J and then decreases to a negative value -J, and 
thereafter returns quickly to zero. It is appreciated that in this and other diagrams 
hereinbelow, if the phase relationship of the stimulators is reversed then the order in 
which positive and negative values are obtained is also reversed. 
20 It is also seen in diagram 102 that as the conductor 50 is scanned m the 

scanning direction by a sensor 25 lying above first surface 40, the potential on the 
conductor 50 induced by stimulator 20 remains zero inasmuch as conductor 50 is not 
stimulated by stimulator 20 since it extends only along first surface 40, which is isolated 
from stimulator 20 adjacent to second surface 42 by at least one grounded metal layer 

25 90. - , 

It is appreciated that conductor 50 shown in Fig. 4A is continuous and has no 

breaks therealong. 

Reference is now made to Fig 4B, which is identical to Fig. 4A but relates to a 
conductor 150, identical to conductor 50, except in that it has a break at a location V 
30 therealong. Fig. 4B shows electrical potentials induced in conductor 150, extending 
along first surface 40 of a BUT 12 in the environment of Fig. 2, by an electromagnetic 
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field generated by first side stivers 14 and 16 and second side stimulator 20 in the 

, I <> In Fie 4B at least one grounded metal layer 190, such as a 
arrangement of Fig. 2. In Fig- 4B, ai rc» * j . , 4 , of 

p u»e « a p*w« — * *«— M -« — «*- * - « 

, BUT12 Fig 4B Wndes . rep—n of conductor .50 arranged in spatial 
re ,s.ra Jwnb a Srst di^ >04 of the potenua, d— — * « 14 . 

2 ,o and — — »« *— " - — "f" ' ' 

tfcenidpoin. b.moanataula.0^ Hand Kdongthescar^gdirecUonshown^ 
ITL- diagram 106 of the potenua, o. conductor ,50 induced by stimulator 20 as 

^utaors ,4 and 16 operaung k . 110 ^ out of »- — . *■ 1— « » ** 

„ L +) ^ tto d«o t =a S e S ,oa 0 « 8 a B ..va te . I ,a n d« te «afte rreWm<! u 1 *«o- 
"iocadon T. *or» T. in ft. — • . — * «* ' °" ** 

:La« te endofcond„*H50..,,^*a tto , ! ac,ea I a O d m ea^ 
20 Lence in the potentia, P^cn product h, broken — , 50 as compared - 
that in continuous conductor 50. 

It is also seen Son, dia^an, ,06 that as ft. — ,50 „ scan^d » fte 
Kjmtag M. b, a — «, the potentia, on ft. conductor ,50 indue** 

jl 20 — » — - — • w is - — ; y rx « 

- ^ it ex.endson^a,o„gnrs, M *«40wMch i s i sola I edf,omsecond M ,face42b». 1 

Z Porto! -ending below - * — ' » *» "°' ^ 

effect in detecting a break in conductor 150. 

LJL , now tnade ,0 Fig. 5A which shows potenti*. s»sed b, , -» 

. 52 shown in Fig. 2, w U ch extends ,ong second surfac* 42 of BUT ,2, b, an 
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electromagnetic field generated by first side stimulators 14 and 16 and second side 
stimulator 20 in the arrangement of Fig. 2. 

In the embodiment of Fig. 5A, at least one grounded metal layer 200, such as a 
ground plane or a power plane, extends between first and second surfaces 40 and 42 of 
5 BUT 12. 

Fig. 5A includes a representation of conductor 52 arranged in spatial 
registration with a first diagram 210 of the potential thereon induced by stimulators 14 
and 16 as a function of the position along conductor 52 of the midpoint between 
stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
10 212 of the potential on conductor 52 induced by stimulator 20 as a function of the 
position along conductor 52 of sensor 25 along the scanning direction shown in Fig. 2. 

It is seen that as the conductor 52 is scanned in the scanning direction by 
stimulators 14 and 16 operating in a 180 degree out of phase mode, the potential on the 
conductor 52 induced by stimulators 14 and 16 is zero, inasmuch as conductor 52 is not 
15 stimulated by stimulators 14 and 16 since it extends only along second surface 42, which 
is isolated from stimulators 14 and 16 by at least one grounded metal layer 200. 

It is also seen that as the conductor 52 is scanned in the scanning direction by 
sensor 25 lying above first surface 40, the potential on the conductor 52 as sensed by 
sensor 25 remains zero inasmuch as conductor 52 does not have any portion that extends 
20 above grounded metal layer 200. 

It is appreciated that in order for the system of Fig. 2 to test a conductor such 
as conductor 52 for continuity, BUT 12 must be turned upside down and tested again, in 
which case its characteristics are the same as those of conductor 50 shown in Fig. 4A. 

Reference is now made to Fig 5B, which is identical to Fig. 5A but relates to a 
25 conductor 252, identical to conductor 52, except in that it has a break at a location "j" 
therealong. Fig. 5B shows electrical potentials induced in conductor 252 in the 
environment of Fig. 2, extending along first surface 42 of BUT 12, by an 
electromagnetic field generated by first side stimulators 14 and 16 and second side 
stimulator 20 in the arrangement of Fig. 2. In Fig. 5B, at least one grounded metal layer 
30 300, such as a ground plane or a power plane, extends between first and second surfaces 
40 and 42 of BUT 12. 
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Fig. 5B includes a representation of conductor 252 arranged in spatial 
registration with a first diagram 3 14 of the potential thereon, sensed by a sensor 25 lying 
above first surface 40, induced by stimulators 14 and 16 as a function of the position 
along conductor 252 of the midpoint between stimulators 14 and 16 along the scanning 
5 direction shown in Fig. 2 and a second diagram 316 of the potential on conductor 252 
induced by stimulator 20 as a function of the position along conductor 252 of sensor 25 
along the scanning direction shown in Fig. 2. 

It is seen in diagram 3 14 that as the conductor 252 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
10 potential on the conductor 252 induced by stimulators 14 and 16 is zero, inasmuch as 
conductor 252 is not stimulated by stimulators 14 and 16 since it extends only along 
second surface 42, which is isolated from first surface 40 by at least one grounded metal 
layer 300. 

It is also seen in diagram 316 that as the conductor 252 is scanned in the 
15 scanning direction by sensor 25 lying above first surface 40, the potential on the 
conductor 252 as sensed by sensor 25 remains zero inasmuch as conductor 252 does not 
have any portion that extends above grounded metal layer 300. 

It is appreciated that in order for the system of Fig. 2 to test a conductor such 
as conductor 252 for continuity, BUT 12 must be turned upside down and tested again, 
20 in which case its characteristics are the same as those of conductor 52 shown in Fig. 4B. 

It is thus appreciated that the system of the embodiment of Fig. 2 does not 
provide any information regarding breaks in conductors which lie entirely along second 
surface 42 or entirely below grounded metal layer 300, unless the BUT is turned upside 
down and tested again. 

25 Reference is now made to Fig. 6A which shows electrical potentials induced in a 

typical conductor, such as conductor 58 which includes first portion 60 which extends 
along second surface 42, second portion 64 located intermediate a grounded metal layer 
400 and first surface 40, and third portion 68, which extends along first surface 40 of 
BUT 12. The electrical potentials are induced by an electromagnetic field generated by 

30 first side stimulators 14 and 16 and second side stimulator 20 in the arrangement of Fig. 
2 and are sensed by a sensor 25 lying above first surface 40. 
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Fig. 6A includes a representation of conductor 58, which does not have any 
breaks therealong, arranged in spatial registration with a first diagram 420 of the 
potential thereon induced by stimulators 14 and 16 as a function of the position along 
conductor 58 of the midpoint between stimulators 14 and 16 along the scanning direction 
shown in Fig. 2 and a second diagram 422 of the potential on conductor 58 induced by 
stimulator 20 as a function of the position along conductor 58 of a sensor 25 along the 
scanning direction shown in Fig. 2. 

It is seen in diagram 420 that as the conductor 58 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
potential on conductor 58 induced by stimulators 14 and 16 initially remains at a zero 
value inasmuch as conductor 58 extends below grounded metal layer 400. When sensor 
25 in the arrangement of Fig. 2 reaches second portion 64, which extends above 
grounded metal layer 400 but below first surface 40, the sensed potential goes quickly 
from a zero value up to a first positive value and then upon reaching the end of second 
portion 64 decreases to a second positive value which is less than the first positive value. 
Upon reaching third portion 68, the sensed potential increases quickly to a third positive 
value, which is greater than the first positive value, and then goes to a negative value, the 
amplitude which is greater than the amplitude of the third positive value, and thereafter 
returns quickly to zero. It is appreciated that when the midpoint of the stimulators 14 
and 16 is over second portion 64, the maximum strength of the potential sensed is less 
than the maximum strength of the potential sensed when the midpoint of the stimulators 
14 and 16 is over third portion 68, thus contributing to the difference in relative 
amplitudes. 

Turning now to diagram 422, it is seen that inasmuch as conductor 58 includes 
first portion 60 which is located on second side 42 adjacent to second side stimulator 20 
(Fig. 2), a potential is induced in conductor 58 by stimulator 20 along the entire length of 
conductor 58. As seen in diagram 422, because sensor 25 only measures the potential 
induced on the conductor 58 when the sensor 25 is adjacent to those portions thereof 
which are above grounded metal layer 400, when sensor 25 is over first section 60 no 
potential is sensed. Potential is sensed when sensor 25 is situated over second portion 64 
and over third portion 68, however because second portion 64 is located at a relatively 
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greater distance from sensor 25 the amplitude of the sensed potential is less than the 
amplitude sensed when sensor 25 is situated over third section 68. 

Reference is now made to Fig. 6B, which is identical to Fig. 6A but relates to a 
conductor 458, identical to conductor 58, except in that it has a break at a location "i" 
5 therealong. Fig. 6B shows electrical potentials induced in conductor 458 in the 
environment of Fig. 2. Conductor 458 includes a first portion 460 which extends along 
second surface 42, a second portion 464 located intermediate a grounded metal layer 500 
and first surface 40, and a third portion 468, which extends along first surface 40 and has 
a break therein at location "i" as shown. An electromagnetic field is generated by first 
10 side stimulators 14 and 16 and second side stimulator 20 in the arrangement of Fig. 2 and 
electrical potential on conductor 458 is sensed by sensor 25 (Fig. 2) which lies above 
first surface 40. 

Fig. 6B includes a representation of conductor 458 arranged in spatial 
registration with a first diagram 530 of the potential thereon induced by stimulators 14 
15 and 16 as a function of the position along conductor 458 of the midpoint between 
stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
532 of the potential on conductor 458 induced by stimulator 20 as a function of the 
position along conductor 458 of a sensor 25 along the scanning direction shown in Fig. 
2. 

It is seen in diagram 530 that as the conductor 458 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
potential on the conductor 458 induced by stimulators 14 and 16 remains at a zero value 
inasmuch as conductor 458 extends below grounded metal layer 500. When sensor 25 in 
the arrangement of Fig. 2 reaches second portion 464, which extends above grounded 
25 metal layer 500, the sensed potential goes quickly from a zero value up to a first positive 
value and then at the end of second portion 464 decreases to a second positive value, the 
value which is less than the first positive value. Upon reaching third portion 468, the 
sensed potential increases quickly to a third positive value, which is greater than the 
second positive value, and then goes to a negative value and thereafter returns quickly to 
30 zero at location "i". From location "i", in the scanning direction, the potential on the 
■ conductor 458 induced by stimulators 14 and 16 goes quickly from zero up to a positive 
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value and then decreases quickly to a negative value and there after returns quickly to 

zero at the end of conductor 458. 

It is appreciated that there is a clear and measurable difference in the potential 
pattern produced in broken conductor 458 as compared with that produced in 

5 continuous conductor 58. 

Turning now to diagram 532, it is see that inasmuch as conductor 458 includes 
first portion 460 which is located on second side 42 adjacent to second side stimulator 
20 as shown in the arrangement of Fig. 2, a potential is induced in conductor 458 along 
its length until break at location "k". As seen in diagram 532, because sensor 25 only 
10 senses the potential induced on the conductor 458 when it is adjacent to the portions 
thereof which are above grounded metal layer 500, when sensor 25 is situated over first 
section 460 no potential is sensed. Potential is sensed when sensor 25 is situated over 
second portion 464 and over third portion 468 until location "k". Because of electrical 
discontinuity due to the break at location «k", for the section of third portion 468 
15 following the break in the scanning direction, which is not connected to any portion of 
the conductor 458 extending below grounded metal layer 500, no potential is induced. 

Reference is now made to Fig. 6C, which is identical to Fig. 6A but relates to a 
conductor 558, identical to conductor 58, except in that it has a break at a location "1" 
therealong. Fig. 6C shows electrical potentials induced in conductor 558 in the 
20 environment of Fig. 2. Conductor 558 includes a first portion 560 which extends along 
second surface 42, a second portion 564 located intermediate a grounded metal layer 600 
and first surface 40, and a third portion 568, which extends along first surface 40. First 
portion 560 has a break therein as shown. An electromagnetic field is generated by first 
side stimulators 14 and 16 and second side stimulator 20 in the arrangement of Fig. 2 and 
25 electrical potential on conductor 558 is sensed by sensor 25 (Fig. 2) which lies above 
first surface 40. 

Fig. 6C includes a representation of conductor 558 arranged in spatial 
registration with a first diagram 630 of the potential thereon induced by stimulators 14 
and 16 as a function of the position along conductor 558 of the midpoint between 
30 stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
■ 632 of the potential on conductor 558 induced by stimulator 20 as a function of the 
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position along conductor 558 of a sensor 25 along the scanning direction shown in Fig. 
2. 

It is seen in diagram 630 that as the conductor 558 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
5 potential on the conductor 558 induced by stimulators 14 and 16 remains at a zero value 
inasmuch as conductor 558 extends below grounded metal layer 600. When sensor 25 in 
the arrangement of Fig. 2 reaches second portion 564, which extends above grounded 
metal layer 600 but below first surface 40, the sensed potential goes quickly from a zero 
value up to a first positive value and then upon reaching the end of second portion 564 
10 the potential decreases to a second positive value which is less than the first positive 
value. Upon reaching third portion 568, the sensed potential increases quickly to a third 
positive value and then goes to a negative value, the amplitude which is greater than the 
amplitude of the third positive value, and thereafter returns quickly to zero. It is 
appreciated that because the break at location "1" is in first portion 560 which lies below 
15 grounded metal layer 600, the only information about the presence of a break in first 
portion 560 is provided by the amplitude of the potential sensed at the second and third 

portions 564 and 568. 

Turning now to diagram 632, it is see that inasmuch as conductor 558 includes 
first portion 560 which is located on second side 42 adjacent to second side stimulator as 

20 shown in the arrangement of Fig. 2, despite the break at location "1", some potential is 
induced in conductor 558 along its length from break until the end of the conductor. As 
seen in diagram 632, because sensor 25 only measures the potential induced on the 
conductor 58 when it is adjacent to those portions thereof which are above grounded 
metal layer 600, when sensor 25 is situated over first section 560 no potential is sensed. 

25 Potential is sensed when sensor 25 is situated over second portion 564 and third portion 
568, however because of the break at location "i" reduces the effective size of first 
portion 560 stimulated by stimulator 20, less potential is induced in conductor 568, as 
compared to the potential induced in corresponding unbroken conductor 58. It is 
appreciated that the difference may be small and difficult to measure. 

30 Reference is now made to Fig. 6D, which is identical to Fig. 6A but relates to a 

conductor 658, identical to conductor 58, except in that it has a break at a location "m" 
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therealong. Fig. 6D shows electrical potentials induced in conductor 658 in the 
environment of Fig. 2, Conductor 658 includes a first portion 660 which extends along 
second surface 42 below a grounded metal layer 700, a second portion 664 located 
intermediate grounded metal layer 700 and first surface 40, and a third portion 668, 
5 which extends along first surface 40. A break is shown at location "m" in second 
portion 664. An electromagnetic field is generated by first side stimulators 14 and 16 and 
second side stimulator 20 in the arrangement of Fig. 2 and electrical potential on 
conductor 658 is sensed by sensor 25 (Fig. 2) which lies above first surface 40. 

Fig. 6D includes a representation of conductor 658 arranged in spatial 
10 registration with a first diagram 730 of the potential thereon induced by stimulators 14 
and 16 as a function of the position along conductor 658 of the midpoint between 
stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
732 of the potential on conductor 658 induced by stimulator 20 as a function of the 
position along conductor 658 of a sensor 25 along the scanning direction shown in Fig. 
15 2. 

It is seen in diagram 730 that as the conductor 658 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
potential on the conductor 658 induced by stimulators 14 and 16 remains at a zero value 
inasmuch as first portion 660 of conductor 658 extends below grounded metal layer 
20 700. When sensor 25 in the arrangement of Fig. 2 reaches second portion 664, which 
extends above grounded metal layer 700, the sensed potential goes quickly from a zero 
value up to a relatively small first positive value decreases to a relatively small negative 
value the amplitude of which is generally the same as the first positive value quickly 
increases to 0 at the break at location m. From location "m" in the scanning direction, 
25 the sensed potential quickly increases to a second relatively small third positive value, 
and then decreases to a third positive value at the end of second portion 664. From the 
beginning of the third portion 668 in the scanning direction, the sensed potential quickly 
increases to a fourth positive value, and decreases to a negative value, the amplitude of 
which is greater than the fourth positive value, and then quickly increases to zero at the 

30 end of conductor 658. 

It is appreciated that there is a clear and measurable difference in the potential 
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pattern produced in broken conductor 658 as compared with the potential pattern 
produced in continuous conductor 58. 

Turning now to diagram 732, it is seen that inasmuch as conductor 658 includes 
first portion 660 which is located on second side 42 adjacent to second side stimulator 

5 20 as shown in the arrangement of Fig. 2, a potential is induced in conductor 658 along 
its length until break at location "m". As seen in diagram 732, because sensor 25 only 
measures the potential induced on the conductor 658 when the sensor is adjacent to 
those portions which are above grounded metal layer 700, when sensor 25 is situated 
over first section 660 no potential is sensed. Potential is sensed when sensor 25 is 

10 situated over second portion 664 until location "m". Because of the electrical 
discontinuity due to the break at location "m", for the second section of second portion 
664 in the environment of Fig. 2 following the break at location "m" in the scanning 
direction and for third portion 668, neither of which have any part extending below 
grounded metal layer 700, no potential is induced. 

15 It is appreciated that there is a clear and measurable difference in the potential 

pattern produced in broken conductor 658 as compared with continuous conductor 58. 

Reference is now made to Fig. 7A, which includes a representation of a 
conductor 58 shown in Fig. 6A in which BUT 12 is turned upside down for additional 
testing. Sensor 25 in the arrangement of Fig. 2 now lie above second surface 42 of 

20 BUT 12. 

Fig. 7A shows electrical potentials induced in conductor 58 which, as indicated 
hereinabove with reference to Fig. 6A, includes first portion 60 which extends along 
second surface 42, second portion 64 located intermediate grounded metal layer 400 
and first surface 40, and third portion 68, which extends along first surface 40. The 
25 electrical potentials are induced by an electromagnetic field generated by first side 
stimulators 14 and 16, which now lie above second surface 42, and second side 
stimulator 20, which now lies below first surface 40, and are sensed by a sensor 25 lying 

above first surface 42. 

Fig. 7A includes a representation of conductor 58, which does not have any 
30 breaks therealong, arranged in spatial registration with a first diagram 740 of the 
potential thereon induced by stimulators 14 and 16 as a function of the position along 
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conductor 58 of the midpoint between stimulators 14 and 16 along the scanning 
direction shown in Fig. 2 and a second diagram 742 of the potential on conductor 58 
induced by stimulator 20 as a function of the position along conductor 58 of sensor 25 
along the scanning direction shown in Fig. 2. 
5 It is seen in diagram 740 that as the conductor 58 is scanned in the scanning 

direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
potential on conductor 58 induced by stimulators 14 and 16 goes quickly from a zero 
value to a positive value and then decreases to a negative value, of the same amplitude as 
the positive value, at the end of first portion 60, and quickly returns to a zero value. 
10 Inasmuch as second portion 64 and third portion 68 are below grounded metal layer 400, 
the potential remains at a zero value. 

As conductor 58 includes third portion 64 which is located on first side 40, now 
adjacent to second side stimulator 20 as shown in the arrangement of Fig. 2, a potential 
is induced in conductor 58 by stimulator 20 along the entire length of conductor 58. As 
15 seen in diagram 740, because sensor 25 only measures the potential induced on the 
conductor 58 when the sensor 25 is adjacent to those portions which are above grounded 
metal layer 400, a potential is sensed over first portion 60. When sensor 25 is over 
second portion 64 and third portion 68, no potential is sensed. 

Reference is now made to Fig. 7B, which includes a representation of broken 
20 conductor 458 shown in Fig. 6B except that it is turned upside down for additional 
testing such that sensors 25 in the arrangement of Fig. 2 now lie above second surface 
42. 

Fig. 7B shows the electrical potential induced in conductor 458 which is 
identical to conductor 58 in Fig 7A except that it includes a break at position "k" As 

25 indicated hereinabove with reference to Fig. 7A, conductor 458 includes first portion 
460 which extends along second surface 42, second portion 464 located intermediate a 
grounded metal layer 500 and first surface 40, and third portion 468, which extends 
along first surface 40 of BUT 12. The break at a location "k" is situated in third portion 
468. The electrical potential is induced by an electromagnetic field generated by first side 

30 stimulators 14 and 16, which now lie above second surface 42, and second side 
stimulator .20, which now lies below first surface 40, and are sensed by sensor 25 lying 
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above second surface 42. 

Fig. 7B includes a representation of conductor 458, arranged in spatial 
registration with a first diagram 744 of the potential thereon induced by stimulators 14 
and 16 as a function of the position along conductor 458 of the midpoint between 
5 stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
746 of the potential on conductor 458 induced by stimulator 20 as a function of the 
position along conductor 458 of sensor 25 along the scanning direction shown in Fig. 2. 

It is seen in diagram 744 that as the conductor 458 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
10 potential on the conductor 458 induced by stimulators 14 and 16 goes quickly from a 
zero value to a positive value, decreases to a negative value, of the same amplitude as the 
positive value, and quickly returns to a zero value at the end of first portion 460. 
Inasmuch as second portion 464 and third portion 468 are below grounded metal layer 
500, the potential of these portions sensed by sensor 25 remains at a zero value. 
15 ' Turning now to diagram 746, it is seen that inasmuch as conductor 458 includes 
second portion 464 which is located beneath metal plane 600 and third portion 468 
which is located on first side 40, now adjacent to second side stimulator 20 as shown in 
the arrangement of Fig. 2, a potential is induced in conductor 458 by stimulator 20 along 
the entire length of conductor 458. However, because of the break at location "k", the 
20 potential is somewhat reduced relative to the potential induced by unbroken third portion 
68 (Fig. 7A). 

As seen in diagram 746, because sensor 25 only measures the potential induced 
on the conductor 458 when the sensor is adjacent to those portions which are above 
'grounded metal layer 500, a somewhat reduced potential is sensed over first portion 460, 
25 however when sensor 25 is over second portion 464 and third portion 468, no potential 
is sensed. It is appreciated that there may be only small differences in the potential 
induced by stimulator 20 in the configurations of Fig. 7A and Fig. 7B respectively, and 
that it may be difficult to differentiate between these differences. 

It is appreciated that when tested in the "upside-down" orientation of Figs. 7A 
30 and 7B the difference in the potential patterns produced in broken conductor 458 as 
• compared with the potential patterns induced in continuous conductor 58, namely the 
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amplitude of the potential induced by stimulator 20, may be difficult to measure. 

Reference is now made to Fig. 7C, which includes a representation of 
conductor 558 shown in Fig. 6C except that it is turned "upside-down" such that sensor 
25 in the arrangement of Fig. 2 now lies above second surface 42 of BUT 12. 
5 Fig. 7C shows the electrical potential induced in conductor 558 which .s 

identical to conductor 58 in Fig. 7A except that it includes a break at position T. As 
indicated hereinabove with reference to Fig. 7A, conductor 558 includes a first potto. 
560 which extends along second surface 42, a second portion 564 located intermediate a 
grounded metal layer 600 and first surface 40, and a third portion 568, which extends 
10 along first surface 40. A break at a location "1" is situated in first portion 560. The 
electrical potentials are induced by an electromagnetic field generated by first sule 
stimulators 14 and 16, which now lie above second surface 42, and by second side 
stimulator 20, which now lies below first surface 40, and are sensed by sensor 25 lymg 
above first surface 42, 

15 Fig. 7C includes a representation of conductor 558 arranged in spatial 

registration with a first diagram 748 of the potential thereon induced by stimulators 14 
and 16 as a function of the position along conductor 558 of the midpoint between 
stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
750 of the potential on conductor 558 induced by stimulator 20 as a function of the 

20 position along conductor 558 of a sensor 25 along the scanning direction shown m Fig. 

It is seen in diagram 748 that as the conductor 558 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
potential on the conductor 558 induced by stimulators 14 and 16 goes quickly from zero 
25 up to a first positive value and then decreases to a negative value the amplitude of which 
is the same as the first positive value, and thereafter returns quickly to zero at location 
T From location "1", in the scanning direction shown in Fig. 2, the potential on the 
conductor 558 induced by stimulators 14 and 16 again goes quickly from zero up to the 
first positive value and then decreases to a negative value and thereafter returns quickly 
30 to zero at the end of first portion 560. Inasmuch as second portion 564 and third portion 
568 are below grounded metal layer 600, the measured potential thereon remains at a 
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zero value. . 

Turning now to diagram 750, it is see that inasmuch as conductor 558 includes 
a second portion 564 and a third portion 568 which are beneath grounded metal layer 
600 now adjacent to second side stimulator 20 as shown in the arrangement of F.g. 2, a 

5 potential is induced in conductor 558 by stimulator 20. However, as seen in digram 
750 because of a break at location T. from the beginning of first portion 560 « the 
« direction of Fig. 2 until the break at location T, no potential is induced by 
bottom stimulator 20. Because sensor 25 only measures the potential induced on the 
conductor 558 when adjacent to those portions which are above grounded metal layer 

10 600 a potential is only sensed over first portion 560 from the break at location T « the 
scanning direction of Fig. 2 until the end of first portion 560. When sensor 25 is over 
second portion 564 and third portion 568, which are beneath grounded metal layer 600, 

no potential is sensed. 

It is appreciated that there are a clear and measurable differences in the potent 
15 patterns produced in broken conductor 558 as compared with the potential patterns 
produced in continuous conductor 58, as sensed by sensor 25. 

Reference is now made to Fig. 7D. which includes a represents of 
conductor 658 shown in Fig. 6D except that it is turned "upside-down" such that sensor 
25 in the arrangement of Fig. 2 now lies above second surface 42 of BUT 12. 
20 Fig 7D shows the electrical potential induced in conductor 658, winch is 

identical to conductor 58 in Fig. 7A except that it includes a break at location "m". As 
indicated hereinabove with reference to Fig. 7A, conductor 658 includes a first pomon 
660 which extends along second surface 42, a second portion 664 located intermedtate a 
grounded metal layer 600 and first surface 40, and a third portion 668, which extends 
25 along first surface 40. A break at a location «m" is shown in second portion 664. An 
electromagnetic field is generated by first side stimulators 14 and 16 and second ade 
stimulator 20 in the arrangement of Fig. 2 and electrical potential on conductor 658 ,s 
sensed by sensor 25 (Fig. 2) which lies above first surface 40. 

Fig 7D includes a representation of conductor 658 arranged m spatun 
30 registration with a first diagram 752 of the potential thereon induced by stimulators 14 
■ ^ 16 as a function of the position along conductor 658 of the midpoint between 
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stillIul a,„rs ,4 and ,6 a,ong tite scanning *— *- * 1 - » **■ 

,54 of ,he potent on conduce, 658 mduced by stirnuhttor 20 as a function of to 
position along oo.duc.or 658 of sensor 25 long the scanning electa, shown . *. 

,, is seen in digram 752 «tt as the conducor 658 is scanned in ,he scanung 

5 Section by — ,4 and 1. op«.tmg i. » >*° « - ^ 
^ on.becondnc.orSSSMncedbystona.orsH.nd 16 goes ,u,* from 

is «,e same as ,he firs, positive van,, and ,h«eatter re«™ o^dy to zero a, *. en o, 
firs, portion 660. Inasmuch as second portion 664 and tiurd portion 668 „ Mow 

,0 grcundenmaal layer 600, the measured potential remains a, a zero value. 

Turning to diagram 754, it is seen that conductor 658 includes second portion 
664 „hich is beneath metal plane 600 and t»d portion 664 which is located on ft. 
.rface 40, now adjacent to second side sun*or 20 as shown in the arrar,eme* of 
Fig 2 A breafc is shown a, iocation "m" in second portion 664. A relative* -* 

u plu. is induced in conducor 658 h, sHnu.la.or 20 along the firs, secfion of second 
portion 664 in ,he scanning direction of Fig 2, and tins relative,, sma» po«nha, . 

ft. second section of second portion 664 in ,he scanmng direcuon shown . 
„ ,*rd portion 668. however when sensor 25 is over ,hese portion «htch are beneath 
» grounded metiu layer 600, no potential is sensed .hereby. 

I, is appreciated tha, when conductor 658 of F,g. 6D ,s ,es,«d m the upsrfe 
aown"ori«na,ionof F ig.7D,ti,edi«e re nc in t»epo,en« patterns produced in broken 
Inducer 658 as compared wi,h *e po,e»« patterns produced u, congous 
.onduco, 58 in ft. option of Fig. 7A. namely .he amphtt.de of ti,e genual mdttced 

25 by stimulator 20, may be difficult to measure. 

Refer^isnowmadetoFigSAwhichshowselecttWpotentidsmducedm 

^ conduce,, such as a conduce, 770 which .dudes a ft* «** 772 wtoch 
1* along firs, surface 40, a second portion 776 located 

» surface 40 of BUT 12. The Oectiical potentials are induced by . electromagnetic fidd 
generated by fir, side stin-ors .4 and ,6 and s*ond side stimulant 20 ,„ the 
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anient of Fig. 2 and are sensed b, sen« 25 lying above to surface 40. 

Fig 8A include, a repression of conductot 770, which does no. nave any 
teaks thereAmg, arrcnged i« SP- region * » «- «*» 830 of*, 
postal thereon induced b, stinm.at.rs .4 and .6 . a taction of the postton aiong 
5 conductor 770 o, the midpoin, b«ween stimulators ,4 and >6 along the s— . 
di„ctio» shown in Kg. 2 and a second diapam 832 of the potential on conductor 770 
induced by stimulator 20 as a function of 4. poshion along conductor 770 of s*nsor 25 

along the scanning direction shown to Fig. 2. 

1 is seen in diagram 830 tha, as the conductor 770 is scanned to the scannrng 
„ direction by stinudators .4 and M operating in . 180 degree ou, of phase mode the 
potential on conductor 770 induced by stimulate, 14 and 16 mnckly goes to a positive 
value atbe^ntog of Brst portion 7T2 and decease, to » . the end of tirs, portion 
,72 inasmuch as second portion 776 i, oeneath grounded metal layer 800, no ^ 
la ^ wlule se^o, 25 is over second porta 776, and the potential vame remains 

.bird portion 780, the potential decrease, to a negative v*ue and then goe, to zero a, the 

end of third portion 780. 

Tuning <o diagram 832, it is seen tha. inasmuch as conductor 770 mdudes 
20 second portion 776 which is !oc«ed bene.* grounded metal layer 800 adjacent* 
aecond ade stimulator 20 as shown i„ me arrangement of Fig. 2, a relative* sma. 
po.en.ia. is induced to conduce. 770 by stimulator 20 along .he ertire length 0 
conductor 770. As seen in diagram 832, because s**or 25 only measure the potent*, 
induced on .he conductor 770 when s«.sor 25 is adjacent to .hose P^**" 
2S above grouped me., layer 800, when sensor 25 is over firs, portion 772 and *rd 
porton 780. a relatively small penti* is — • — ch as second pomon 
staged benea.1. grounded m«al layer 800, no po.enti.1 is sensed when sensor is 
situated over second portion 776 of BUT 12. 

Reference is now made .0 Fig. 8B, which is identical to Fig. 8Abutrela.es to a 
30 conductor 870, identical „ conducor 70, except in that it has a break at a location : 
. thaealong. Fig. 8B shows electiical po.enti.ls induced in conducti,, 870 . .he 
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environment of Fig. 2. Conductor 870 includes a first portion 872 which extends along 
first surface 40, and has a break as shown, a second portion 876 located intermed.te a 
grounded metal layer 900 and second surface 42, and a third portion 880, which extends 
along first surface 40. The electrical potentials are induced by an electromagnet* field 
5 generated by first side stimulators 14 and 16 and second side stimulator 20 » the 
arrangement of Fig. 2 and are sensed by sensor 25 lying above first surface 40. 

Fig 8B includes a representation of conductor 870 arranged » spat*! 
registration with a first diagram 930 of the potential thereon induced by stimulators 14 

10 stimulators 14 and 1 6 along the scanning direction shown in Fig. 2 and a second digram 
932 of the potential on conductor 870 induced by stimulator 20 as a function of the 
position along conductor 870 of sensor 25 along the scanning direction shown m F.g. 2. 

It is seen in diagram 930 that as the conductor 870 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode the 
15 potential on the conductor 870 induced by stimulators 14 and 16 quickly goes to a first 
positive value, decreases to a negative value and returns to zero at the break at locate 
V From location V in the scanning direction indicated in Fig. 2, the potent*! on 
conductor 870 quickly goes to a second positive value, and decreases to a third posmve 
value and quickly returns to zero at the end of first portion 872. Inasmuch as secon 
20 portion 876 is beneath grounded metal layer 900, no potential is sensed while sensor 25 
is over second portion 776, and the potential value remains zero. At the beginnmg of 
third portion 880, in the scan direction of Fig. 2, the potential quickly goes to the trurd 
positive value, then decreases to a negative value and quickly increases to zero at the end 
of third portion 880. 

„ Turning to diagram 932, it is seen tka, inasmuch as conductor 870 mdudes 

^cond portion 876 »bioh is located beneath grounded metal layer 900 adjacent to 
«co»d side stimulator 20 as sho»n in the ar^ngemen, of Fig 2, a relative,, small 
porenM is induced in conductor 870 by simulator 20 along co.iuc.or 870 from the 
break a. location V urdil the end of third portion 880. As seen in diagnm 832. because 

„ of the Ceanca, dWinuit, resulting from the break a, location V, no potetmal . 
Educed in firs, portion 872 up to break at location V along .be scanning direcuon. 
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Sensor 25 measures the potential induced on the conductor 870 when it is adjacent to 
those portions which are above grounded metal layer 900. When sensor 25 is over first 
portion 872, after location V in the scanning direction, and third portion 880, a 
relatively small potential is sensed. Inasmuch as second portion 876 is situated beneath 
5 grounded metal layer 900, no potential is sensed when sensor 25 is situated over second 

portion 876 of BUT 12. 

Reference is now made to Fig. 8C, which is identical to Fig. 8A but relates to a 
conductor 970, identical to conductor 770, except in that it has a break at a location V 
therealong Fig 8C shows electrical potentials induced in conductor 970 m the 

10 environment of Fig. 2. Conductor 970 includes a first portion 972 which extends along 
fast surface 40, a second portion 976 located intermediate a grounded metal layer 1000 
and second surface 42, and has a break at location "o" as shown, and a third portion 980, 
W hich extends along first surface 40. The electrical potentials are induced by an 
electromagnetic field generated by first side stimulators 14 and 16 and second S1 de 

15 stimulator 20 in the arrangement of Fig. 2 and are sensed by sensor 25 lying above first 

surface 40. . 

Fig 8C includes a representation of conductor 970 arranged m spatial 

registration with a first diagram 1030 of the potential thereon induced by stimulators 14 

and 16 as a function of the position along conductor 970 of the midpoint between 

20 stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second d,agram 

1032 of the potential on conductor 970 induced by stimulator 20 as a function of the 

position along conductor 970 of a sensor 25 along the scanning direction shown m F.g. 

2 It is seen in diagram 1030 that as the conductor 970 is scanned in the scanning 
25 direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, the 
potential on the conductor 970 induced by stimulators 14 and 16 quickly goes to a 
positive value at beginning of first portion 972, decreases to a negative value and qmckly 
returns to zero at the end of first portion 972. Inasmuch as second portion 976 » beneath 
grounded metal layer 1000, no potential is sensed while sensor 25 is over second portion 
30 9 76 and the potential value remains zero. Progressing in the scanning onection 
• indicated in Fig. 2, as sensor 25 reaches third portion 980, the potential quickly goes to a 
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positive value « beginning of third portion 980, decrease, .0 a negaive value and 
ouickly returns to zero at the end of third portion 980. 

Turning * diagram 1032, „ is see that inasmuch as conductor 970 ..elude, 
^ portion 976 which i, located heneaft grounded me* layer 1000 adjacent .0 
s second side aim„,a.or 20 as shown in ft. — of * 2, a relativej, — 
potentW is induced in conductor 970 by sumuUtor 20 along the conductor on etther srfe 
ofbr^k at location V. As seen in diagram ,032, because sensor 25 only measures the 
potenuai induced on the conductor 970 when the sensor is adjacent bo those poruon, of 
the conductor which are above grounded metal layer .000, when sensor 25 i, over fat 
,„ portion 972 and thud portion 980, a relabel, smdl po.«nda> b sensed. — - 
Lnd ponion 976 is snuated bene* grounded meta, layer !000, no potenUa, . sensed 
when sensor 25 is situated over second portion 976. 

Reference i, now nude to Fig. 9A, which include, a representation of a 
c^ducto, 770 shown in Fig- *K n which BUT 12 k mrned ^ide^wn" J* 
1S Edition, te.ing. Sensors 25 in the arrangement of F,g. 2 now He above second surfcee 

42 of BUT 12. . , j 

Bg 9A shows electtical potentials induced in conductor 770 which, as mdtcated 
her^abovewimrrfe^toFig. 8A, includes firs, portion 772 which extend. -ong 
first surface 40, s«ond portion 776 located intermediate grounded meUl layer 8 * and 
» second surface 42. and third portion 780, which extends along first surface 40 of BUT 
12 The electrical potential are induced b, an dectrom.pe.ic field generated by fim 
side mm**. 14 16 »Wch now lie above second mmm 42, and second s, e 
.hnula.or 20, which now Ues betow firs, -ace 40, and a* sensed by sensor 25 ,ymg 

above second surface 42. 

Fig. 9A include, a represent***, of conductor 770, which does not have any 
fceafc therealong. artanged in sp- «gi™n with a firs, diagram .040 of *. 
po.emi.1 mer^n induced by simulators .4 and ,6 - a func»on of the posmon along 
co^ucor 770 of s^sor 25 si.ua.ed beween simulators 14 and ,6 along the scannmg 
dir«ion shown in Fig. 2 and a seeond diagram 1042 of *e po.en.ia, on conductor 77 
j 0 Mu cedb»»««ator20as. f imcdouof*e P o,i„ona,ongconduc,or770o f se»sor25 

along the scanning direction shown in Fig. 2. 
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It is seen in diagram 1040 that as the conductor 770 is scanned in the scanning 
direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, 
inasmuch as first portion 772 is located beneath grounded metal layer 800, the potential 
on conductor 770 sensed by sensor 25 when it is above first portion 772 is zero. When 

5 sensor 25 reaches second portion 776 the value for the potential sensed quickly goes to a 
positive value, decreases to a negative value and quickly returns to zero at the end of 
second portion 776. It is appreciated that potential induced in conductor 770 and sensed 
when sensor is over second portion 776 is attenuated because second portion 776 is 
located below, and not on, second surface 42. From the beginning of third portion 780 

10 the sensed value for the potential is zero inasmuch as third portion 780 is beneath the 

grounded metal layer 800. 

Turning to diagram 1042, it is seen that inasmuch as conductor 770 includes 
first portion 772 and third portion 780 located on first side 40, now adjacent to second 
side stimulator 20 as shown in the arrangement of Fig. 2, a potential is induced in 
,5 conductor 770 by stimulator 20 along its entire length. As seen in diagram 1042, 
because sensor 25 only measures the a potential induced on conductor 770 when it is 
adjacent to those portions thereof which are above grounded metal layer 800, potential 
is sensed only over second portion 776, however this potential is relatively small because 
second portion 776 is situated below, and not on, second surface 42. When sensor 25 is 
20 over first portion 772 and third portion 780, no potential is sensed because these 
portions are below grounded metal layer 800. 

Reference is now made to Fig. 9B, which includes a representation of a 
conductor 870 shown in Fig. 8B except that it is turned "upside-down" such that sensors 
25 in the arrangement of Fig. 2 now lie above second surface 42 of BUT 12. 
25 Fig. 9B shows the electrical potential induced in conductor 870 which is 

identical to conductor 770 in Fig 9A except that it includes a break at position V 
therealong. As indicated hereinabove with reference to Fig. 9A, conductor 870 includes 
a first portion 872 which extends along first surface 40 and has a break therein at 
location V as shown, a second portion 876 located intermediate grounded metal layer 
30 800 and second surface 42, and a third portion 880, which extends along first surface 40. 
■ The electrical potentials are induced by an electromagnetic field generated by first side 
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stimulators 14 and 16 which now lie above second surface 42, and second side stimulator 
20, which now lies below first surface 40, and are sensed by sensor 25 lying above 
second surface 42. 

Fig. 9B includes a representation of conductor 870, arranged in spatial 
5 registration with a first diagram 1044 of the potential thereon induced by stimulators 14 
and 16 as a function of the position along conductor 870 of the midpoint between 
stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
1046 of the potential on conductor 870 induced by stimulator 20 as a function of the 
position along conductor 870 of sensor 25 along the scanning direction shown in Fig. 2. 
10 It is seen in diagram 1044 that as the conductor 870 is scanned in the scanning 

direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, 
inasmuch as first portion 872 is located beneath grounded metal layer 800, the potential 
on conductor 870 sensed by sensor 25 when it is above first portion 872 is zero. When 
sensor 25 reaches second portion 876 the value for the potential sensed quickly goes to a 
15 positive value decreases to a negative value and quickly returns to zero at the end of 
second portion 876. It is appreciated that potential indueed in conductor 870 and sensed 
when sensor is over second portion 876 is attenuated because second portion 876 is 
located below, and not on, said second surface 42. From the beginning of third portion 
880 the sensed value for the potential is zero inasmuch as third portion is beneath the 

20 grounded metal layer. 

Turning now to diagram 1046, it is seen that inasmuch as conductor 870 
includes first portion 872 and third portion 880 located on first side 40, now adjacent to 
second side stimulator 20 as shown in the arrangement of Fig. 2, a potential is induced in 
conductor 870 by stimulator 20. As seen in diagram 1046, because sensor 25 only 
25 measures the potential induced on conductor 870 when adjacent to those portions which 
are above grounded metal layer 800, potential is sensed only over second portion 876, 
however this potential is relatively small because second portion 876 is situated below, 
and not on, second surface 42, and is further attenuated because the length of first 
portion 872 contributing to the potential on conductor 870 is shortened due to break at 
30 location V. When sensor 25 is over first portion 872 and third portion 880, no 
• potential is sensed because these portions are below grounded metal layer 800. 
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Reference is now made to Fig. 9C, which includes a representation of a 
conductor 970 shown in Fig. 8C except that it is turned "upside-down" such that sensor 
25 in the arrangement of Fig. 2 now lies above second surface 42 of BUT 12. 

Fig. 9C shows the electrical potential induced in conductor 970 which is 
5 identical to conductor 770 in Fig. 9A except that it includes a break at position "o". As 
indicated hereinabove with reference to Fig. 9A, conductor 970 includes first portion 
972 which extends along first surface 40, second portion 976 located intermediate 
grounded metal layer 1000 and second surface 42, and has break therein at location "o" 
as shown, and third portion 980, which extends along first surface 40. The electrical 
10 potentials are induced by an electromagnetic field generated by first side stimulators 14 
and 16 which now lie above second surface 42, and second side stimulator 20, which 
now lies below first surface 40, and are sensed by sensor 25 lying above second surface 
42. 

Fig. 9C includes a representation of conductor 970 arranged in spatial 
15 registration with a first diagram 1048 of the potential thereon induced by stimulators 14 
and 16 as a fiinction of the position along the conductor 970 of the midpoint between 
stimulators 14 and 16 along the scanning direction shown in Fig. 2 and a second diagram 
1050 of the potential on conductor 970 induced by stimulator 20 as a function of the 
position along conductor 970 of sensor 25 along the scanning direction shown in Fig. 2. 
20 It is seen in diagram 1048 that as the conductor 970 is scanned in the scanning 

direction by stimulators 14 and 16 operating in a 180 degree out of phase mode, 
inasmuch as first portion 972 is located beneath grounded metal layer 1000, the potential 
on conductor 970 sensed by sensor 25 when the sensor is above first portion 972 is zero. 
When sensor 25 reaches second portion 976 the value for the potential sensed quickly 
25 goes to a positive value decreases to a negative value and quickly returns to zero at the 
break at location "o" From break at location "o" in the scanning direction as indicated 
in Fig. 2, the potential sensed quickly returns to a positive value, decreases to a negative 
value and quickly returns to zero at the end of second portion 976. From the beginning 
of third portion 980 the sensed value for the potential is zero inasmuch as third portion 
30 980 is beneath the grounded metal layer 1000. 

Turning now to diagram 1050, it is seen that inasmuch as conductor 970 
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includes first portion 972 and third portion 980 located on first side 40, now adjacent to 
second side stimulator 20 as shown in the arrangement of Fig. 2, a potential is induced in 
conductor 970 by stimulator 20 along either side of break at location "o" As seen in 
diagram 1050, because sensor 25 only measures the potential induced on conductor 970 
5 when adjacent to those portions which are above grounded metal layer 1000, the 
potential is sensed only over second portion 976, however this potential is relatively 
small because second portion 976 is situated below, and not on, second surface 42. 
From the beginning of second portion 976 in the direction indicated in Fig. 2, the 
potential sensed quickly increases to a first positive value, and quickly decreases at 
10 location «o" of the break, and thereafter again quickly increases to a positive value and 
quickly returns to zero at the end of second portion 976. It is appreciated that the extent 
to which the potential patterns on either side of the break at location "o" are 
differentiable one from the other is a function of the size of the break. Inasmuch as 
sensor 25 is over first portion 972 and third portion 980, no potential is sensed because 
15 these portions are below grounded metal layer 1000. 

Reference is now made to Figs. 10A, 10B, 1 1 A and 1 IB which are illustrative 
of the operation of the apparatus of Fig. 1 to detect shorts between conductors on a 
BUT 1052 in the environment shown in FIG. 2. 

Reference is now made to Fig. 10A which shows electrical potentials induced in 
20 typical conductors, such as conductors 58 and 70 in Fig. 2. A conductor 1058 includes a 
first portion 1060 which extends along a second surface 1042 of BUT 1052, a via hole 
1062 connecting between first portion 1060 and a second portion 1064, which is located 
intermediate grounded metal layers 1054 and 1056, a third portion 1068 which extends 
along a first surface 1040 of BUT 1052. A conductor 1070 includes a first portion 1072 
25 which extends along first surface 1040, a second portion 1076 located intermediate 
grounded metal layers 1054 and 1056, a via hole 1078 connection between second 
portion 1076 and a third portion 1080, which extends along first surface 1040. The 
electrical potentials are induced by an electromagnetic field generated by first side 
stimulators 14 and 16 and second side stimulator 20 in the arrangement of Fig. 2 and are 
30 sensed by sensor 25 lying above first surface 1040. 

Fig. 10A includes a representation of conductors 1058 and 1070 which do not 
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have any breaks therealong, and which are not mutually shorted, arranged in spatial 
registration with a first diagram 1130 of the potential on conductors 1058 and 1070 
induced by stimulators 14 and 16 as a function of the position along conductors 1058 
and 1070 of the midpoint between stimulators 14 and 16 along the scanning direction 
5 shown in Fig. 2 and a second diagram 1132 of the potential on conductors 1058 and 
1070 induced by stimulator 20 as a function of the position along the conductors of 
sensor 25 along the scanning direction shown in Fig. 2. 

It is seen in diagram 1130 that as conductors 1058 and 1070 are scanned in the 
scanning direction by stimulators 14 and 16 operating in a 180 degree out of phase 
10 mode, the potential on conductor 1070 induced by stimulators 14 and 16 quickly goes to 
a positive value at beginning of first portion 1072 and decreases to zero at the end of 
first portion 1072. Inasmuch as second portion 1076 lies beneath grounded metal layer 
1054, no potential is sensed while sensor 25 is over second portion 1076, and the 
potential value remains zero. Progressing in the scanning direction indicated in Fig. 2, as 
15 sensor 25 reaches third portion 1080, the potential decreases from zero to a negative 
value and then quickly goes to zero at the end of third portion 1080. Further progressing 
in the scanning direction of Fig. 2, inasmuch as second portion 1064 of conductor 1058 
is beneath grounded metal layer 1054, the zero value is maintained until sensor 25 
reaches third portion 1068 of conductor 1058, at which point it quickly increases to a 
20 positive value, then decreases to a negative value and quickly increases to zero at the end 
of conductor 1068. 

Turning to diagram 1132, it is see that inasmuch as only first portion 1060 of 
conductor 1058 and no portion of conductor 1070 is located beneath both grounded 
metal layers 1054 and 1056, stimulator 20 induces a potential only on conductor 1058, 

25 as seen in diagram 1 1 32. 

Reference is now made to Fig. 10B, which is identical to Fig. 10A except that 
conductors 1158 and 1170 are mutually shorted at location "s". Fig. 10B shows 
electrical potentials induced in conductor 1158 in the environment of Fig. 2. As noted 
above, conductor 1 158 includes a first portion 1 160 which extends along second surface 

30 1042, a via hole 1 162 connecting between first portion 1 160 and second portion 1 164 
which is located intermediate grounded metal layers 1154 and 1156, and a third portion 
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1168 which extends along a first surface 1040. Conductor 1170 includes a first pomon 
1172 which extends along first surface 1040, a second portion 1176 located intermechate 
grounded metal layers 1154 and 1156, a via hole 1178 connecting between second 
portion 1176 and third portion 1180, which extends along first surface 1040. 
5 Conductors 1158 and 1170 are shorted at location "s" between via hole 1162 of 
conductor 1158 and viahole 1178 of conductor 1170. 

The electrical potentials are induced by an electromagnetic field generated by 
first side stimulators 14 and 16 and second side stimulator 20 in the arrangement of Fig. 
2 and are sensed by sensor 25 lying above first surface 1040. 
10 Fig 10B includes a representation of conductors 1158 and 1170 wbch ,s 

arranged in spatial registration with a first diagram 1234 of the potential on the 
conductors induced by stimulators 14 and 16 as a function of the position along the 
conductors of the midpoint between stimulators 14 and 16 along the scanning dn-ecuon 
shown in Fig. 2 and a second diagram 1236 of the potential on conductors 1158 and 
15 1170 induced by stimulator 20 as a function of the position along the conductors of 
sensor 25 along the scanning direction shown in Fig. 2. 

Reference is now made to Fig. 11 A, which includes a representation of 
conductors 1058 and 1070 shown in Fig. 10A and in which BUT 12 is turned "upside- 
down" for additional testing. Sensor 25 in the arrangement of Fig. 2 now lies above 

20 second surface 1042 of BUT 1052. 

Fig HA shows electrical potentials induced in conductors 1058 and 1070. As 

indicated hereinabove with reference to Fig. 10A, conductor 1058 includes first portion 
,060 which extends along second surface 1042, a via hole 1062 connecting between first 
portion 106 and second portion 1064, located between grounded metal planes 1054 and 
25 1056 and third portion 1068 which extends along first surface 1040. Conductor 1070 
includes first portion 1072 which extends along first surface 1040, second pomon 1076 
located between grounded metal planes 1054 and 1056 and via hole 1078 connecting 
second portion 1076 and third portion 1080, which extends along first surface 1040.The 
electrical potentials are induced by an electromagnetic field generated by first stde 
30 stimulators 14 and 16 and second side stimulator 20 in the arrangement of Fig. 2 and are 
sensed by a sensor 25 lying above second surface 1042. 
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is stimulated by stimulator 20. As BUT 1052 is scanned along the scanning direction, 
when sensor 25 is over first section 1160 the potential induced by stimulator 20 is 
sensed. Inasmuch as second portion 1 164 and third portion 1168 of conductor 1158, are 
beneath grounded metal layer 1156, sensor 25 does not sense potentials when it is over 
5 these portions. Inasmuch, as all of conductor 1170 is beneath grounded metal layer 
1 154, the potential induced on conductor 1 170 is not sensed by sensor 25. 

It is appreciated that when testing BUT 1054 in "upside-down" orientation, the 
potential patterns produced by shorted conductors 1158 and 1170 is substantially the 
same as the potential patterns produced by non-shorted conductors 1058 and 1070. 
10 Thus in order to identify a short in the BUT 1054, it is necessary to perform electrical 
testing in «right-side-up" orientation wherein, as seen in Fig. 10B shorted conductors 
1158 and 1170 are sensed to have a clear and different potential pattern as compared to 
non-shorted conductors 1058 and 1070 in Fig. 10A. 

It is generally appreciated that the foregoing examples of test results for various 
13 BUT configurations are not intended to encompass all testable BUT configurations and 
defects, but rather they are intended to provide illustrative examples of testing 
possibilities. Thus, in order to achieve fully robust non-contact electrical testing, such as 
electrical testing able to test for defects located in-between and across internal metal 
layers in BUTs, BUTs are preferably non-contact electrically tested using the 
20 aforementioned apparatus and methods by applying stimulation and sensing, including 
applying stimulation to the same side of the BUT from one or more sensors to induce 
potentials in the conductors; applying stimulation to the opposite side of the BUT from 
one or more sensors also to induce potentials in conductors, and applying stimulation 
and/or testing to both sides of the BUT simultaneously and/or sequentially. If, as is 
25 preferable, stimulation is applied simultaneously to both sides of the BUT, the 
stimulation is applied so as to induce potentials which, when the electromagnetic field in 
proximity to the BUT is sensed, it is possible to distinguish between potentials induced 
by stimulators adjacent to the first side of the BUT and potentials induced by stimulators 
adjacent to the second side of the BUT. 
30 For example stimulators may be operated on both opposite sides of a BUT 

• while the BUT is sensed by sensors on one or both sides thereof. Stimulation on opposite 
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sides of a BUT may take place concurrently and/or sequentially. Stimulation on both 
sides of the BUT may be at different frequencies or multiplexed. The same or different 
sequence of stimulation may be used for testing a BUT in mutually "upside-down" 
orientations, and the BUT may be tested sequentially in substantially orthogonal 
5 directions. 

The inventors have found that the present invention results not only in a time 
savings by preferably providing simultaneous performance of non-contact testing steps 
which previously could only have be*, performed sequentially, but additionally 
significantly increases the detectability of faults in BUTs and reduces false alarms. 
m One particular advantage of the present invention lies in the fact that by using 

sensors each of which simultaneously detects potentials induced by multiple, separable 
electromagnetic stimuli, the potential patterns generated are automatically spatially 
registered thus generally obviating the need for further spatial registration. As a result, 
distribution patterns of potentials received in respect of stimulation provided on the 
13 same side of the BUT as on which the potentials are sensed are easily correlated with 
distribution patterns of potentials received in respect of stimulation provided on the 
opposite side of the BUT from that on which the potentials are sensed. 

Reference is now made to Figs. 12 and 13, which are schematic illustrations of 
two alternative preferred configurations of first side stimulators 14 and 16 and second 
20 side stimulator 20. The configurations illustrated in Figs. 12 and 13 are designed to 
reduce interference difficulties, such as capacitance interference as may be caused by 
conductors which cross through metal layers such as first metal layer 54 and second 

metal layer 56 (Fig. 2). 

Referring to Fig. 12, it is seen that a stimulator 1310 is preferably sectioned 
25 into a plurality of mutually aligned linear stimulation strips 1312, which are oriented 
perpendicular orientation to the scanning direction along which a BUT, such as BUT 12 

shown in Fig. 2, is scanned. 

Turning now to Fig. 13, a stimulator 1320 may be partitioned mto a 
multiplicity of individual stimulator patches 1322, each patch being a separate 
30 individually controllable antenna! As is readily appreciated, strips 1312 of stimulator 
. 1310 asshowninFig. 12, and stimulation patches 1322 of stimulator 1320 as shown in 



48 



WO 99/65287 



PCT7IL99/00333 



Fig. 13 are preferably provided with AC stimulation signals of different frequencies or 
multiplexed inputs, in order to enable separation of potentials induced by individual strips 
1312 or patches 1322 respectively. 

Reference is now made to Fig. 14 which is an alternative configuration of non- 
5 contact electrical testing apparatus constructed and operative in accordance with a 
preferred embodiment of the present invention. The apparatus of Fig. 14 may be similar 
to that shown in Fig. 1 and differs therefrom in the arrangement of the stimulators and 
the sensors. 

As seen in Fig. 14, there is provided testing apparatus 1410, which is operative 
10 to perform non-contact electrical testing of electrical circuits, such as are found on BUT 
12, having a multiplicity of electrical conductors 13. Testing apparatus 1410 comprises 
an array of stimulator electrodes 1414, including a multiplicity of individually controlled 
stimulators 1416 linearly disposed adjacent to a first side of BUT 12. A signal generator 
1417 supplies an electrical stimulation signal to each of the stimulators 1416. Preferably 
15 the stimulation signals are at different frequencies, or multiplexed. 

First side sensor electrodes, hereinafter referred to as sensors 1418 and 1420 are 
arranged on opposite sides of array 1414 to lie adjacent a first side of BUT 12. A 
second side sensor electrode, hereinafter referred to as sensor 1422, is arranged to 
underlie BUT 12 on a side thereof opposite first side sensors 1418 and 1420. Each of 
20 the sensors 1 4 1 8, 1 420 and 1422 is preferably at least as large as a BUT. 

A separating detector 1426 receives the outputs of each sensor 1418, 1420 and 
1422 respectively, and supplies the outputs to a signal analyzer 1428 which outputs to a 
comparator and report generator 1430. 

As noted hereinabove, the AC signals provided by signal generator 1417 to each 
25 stimulator 1416 in stimulator array 1414 are preferably different. This may be 
accomplished either by providing signals of different frequencies or alternatively by 
multiplexing or other known signal differentiation methods. 

When energized by the AC electrical stimulation signals, stimulators 1416 
generate localized electromagnetic fields which stimulate various conductors on BUT 12. 
30 It is appreciated that each stimulator induces a characteristically different measurable 
potential. Sensors 1418, 1420 and 1422 sense the different potentials and preferably 



49 



WO 99/65287 



PCT/IL99/00333 



output to the separating detector 1426, which is operative to separate out each of the 
potentials. 

In a preferred embodiment of the present invention, BUT 12 and second side 

sensor 1422 are moved linearly past stimulator array 1414 and sensors 1418 and 1420. It 
5 is readily appreciated that alternatively BUT 12 and sensor 1422 may be held stationary 

while stimulator array 1414 and sensors 1418 and 1420 are moved. Other combinations 

may also be suitable to scan BUT 12 with stimulator array 1414. 

As in the apparatus described with respect to Fig. 1, by employing information 

indicating potentials at various locations on BUT 12 sensed by sensors 1418, 1420 and 
10 1422, signal analyzer 1428 generates a precise representation characteristic of potentials 

in conductors 13 on BUT 12, which indicates, inter alia, conductor continuity and 

which includes information regarding shorts and breaks in conductors, which constitute 

defects. 

The representation provided by signal analyzer 1428 to comparator and report 
15 generator 1430 enables provision of a defect report 1431 indicating defective electrical 
continuity in conductors 13 of BUT 12. 

Turning now to Fig. 15, there is shown a schematic circuit diagram of a 
preferred embodiment of a separating circuitry 1440 useful in separating detector 1426 
(Fig. 14). Outputs from each of top side sensors 1418 and 1420 are supplied to first and 
20 second amplifiers 1442 and 1444 respectively, which are input into a differential amplifier 
1446. 

The output of differential amplifier 1446 is provided to a mixer 1448 which also 
receives a signal input from signal generator 1417 and outputs to a low-pass filter (LPF) 
1450, operative to remove undesirable AC out-band signal portions. The output of LPF 
25 1450 is a DC voltage representative of the potential sensed on BUT 12 by a sensor 1418 
or 1420 at a predetermined frequency, which is proportional to the relative amplitude of 
the signal input components input from sensor 1418 and 1420 respectively, each 
frequency being correlated to a given one of stimulators 1416, thereby to provide spatial 
information. 

30 An output from bottom side sensor 1422 is supplied to an amplifier 1452 which 

outputs to a mixer 1454, which also receives a signal input from signal generator 1417. 
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The output of mixer 1454 is provided to a low-pass filter (LPF) 1456, operative to 
remove undesirable AC out-band signal portions. The output of LPF 1456 is a DC 
voltage representative of the amplitude of the signal input of a potential at a 
predetermined frequency sensed on BUT 12 by sensor 1422. 

5 It is readily appreciated that separate circuits may be provided for each of the 

frequencies at which stimulators 1416 stimulate BUT 12, or a lesser number of circuits 
may be employed, in which event multiplexing of signals to sensors 1416 is required. 

It will be appreciated by persons skilled in the art that the present invention is 
not limited by what has been specifically described hereinabove. Rather the scope of the 

10 present invention includes both combinations and subcombinations of various features 
described hereinabove as well as modifications and variations thereof which would occur 
to a person skilled in the art upon reading the foregoing description and which are not in 
the prior art. 
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CLAIMS 

What is claimed is: 

1. Apparatus for electrical testing of an electrical circuit having first 
and second side surfaces and including a plurality of conductors, the apparatus 
5 comprising: 

at least one stimulation electrode disposed adjacent at least one of said first 
and second side surfaces of said electrical circuit and being operative to apply 
thereto a stimulation electromagnetic field in a non-contact manner; 

at least one sensing electrode disposed adjacent at least one of said first and 
10 second side surfaces of said electrical circuit and being operative to sense a 
resulting electromagnetic field produced by application of said stimulation 
electromagnetic field at various locations thereon in a non-contact manner; 

wherein at least one of said at least one simulation electrode and said at 
least one sensing electrode includes at least two electrodes at least one of which is 
15 disposed adjacent each of said first and second side surfaces of said electrical 
circuit. 

2. Apparatus for electrical testing of an electrical circuit according to 
claim 1 and wherein said at least one simulation electrode includes at least first and 

20 second simulation electrodes disposed adjacent respective ones of said first and 
second side surfaces of said electrical circuit. 

3. Apparatus for electrical testing of an electrical circuit according to 
either of claims 1 and 2 and wherein said at least one sensing electrode includes at 

52 



WO 99/65287 



PCT/IL99/00333 



least first and second sensing electrodes disposed adjacent respective ones of said 
first and second side surfaces of said electrical circuit. 

4. Apparatus for electrical testing of an electrical circuit according to 
5 any of the preceding claims and also comprising at least one stimulation signal 

generator providing at least one stimulation signal to said at least one stimulation 
electrode. 

5. Apparatus for electrical testing of an electrical circuit according to 
10 claim 4 and wherein said at least one stimulation signal generator provides 

stimulation signals to a plurality of stimulation electrodes in a manner such that 
signals induced in said electrical circuit by individual ones of said stimulation 
electrodes may be distinguished from each other. 

15 6. Apparatus for electrical testing of an electrical circuit according to 

claim 5 and also comprising at least one separating detector for receiving from said 
at least one sensing electrode signals induced in said electrical circuit by individual 
ones of said stimulation electrodes and distinguishing said signals from each other. 

20 7. Apparatus for electrical testing of an electrical circuit according to 

any of the preceding claims and also comprising a signal analyzer operative to 
analyze at least one signal received from said at least one sensing electrode. 
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8. Apparatus for electrical testing of an electrical circuit according to 
any of the preceding claims and also comprising a comparator receiving at least 
one signal derived from said resulting electromagnetic field and comparing said at 
least one signal with a reference. 

9. Apparatus for electrical testing of an electrical circuit according to 
claim 8 and also comprising a defect report generator providing a defect report 
relating to said electrical circuit based on the output of said comparator. 

10. Apparatus for electrical testing of an electrical circuit according to 
any of the preceding claims and wherein said at least one stimulation electrode 
comprises first and second stimulation electrodes arranged to be disposed alongside 
a first side of said electrical circuit and a third stimulation electrode arranged to be 
disposed alongside a second side of said electrical circuit. 

11. Apparatus for electrical testing of an electrical circuit according to 
any of the preceding claims and wherein said at least one sensing electrode 
comprises a linear array of sensing electrodes. 

12. Apparatus for electrical testing of an electrical circuit according to 
claim 10 and claim 1 1 and wherein said linear array is disposed intermediate said 
first and second stimulation electrodes. 
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13. Apparatus for electrical testing of an electrical circuit according to 
any of the preceding claims 1-9 and wherein said at least one stimulation 
electrode comprises a linear array of stimulation electrodes. 

14. Apparatus for electrical testing of an electrical circuit according to 
any of the preceding claims 1 - 9 and wherein said at least one sensing electrode 
comprises first and second sensing electrodes arranged to be disposed alongside a 
first side of said electrical circuit and a third sensing electrode arranged to be 
disposed alongside a second side of said electrical circuit. 

15. Apparatus for electrical testing of an electrical circuit according to 
any of the preceding claims 1 - 9 and wherein said at least one sensing electrode 
comprises first and second sensing electrodes arranged to be disposed alongside a 
first side of said electrical circuit. 

16. Apparatus for electrical testing of an electrical circuit according to 
claim 13 and claim 14 or claim 15 and wherein said linear array is disposed 
intermediate said first and second stimulation electrodes. 

17. Apparatus for electrical testing of an electrical circuit according to 
claim 5 and wherein said at least one signal generator provides signals having 
different frequencies to different ones of said stimulation electrodes. 
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18. Apparatus for electrical testing of an electrical circuit according to 
claim 5 and wherein said at least one signal generator provides multiplexed signals 
to different ones of said stimulation electrodes. 

5 19. Apparatus for electrical testing of an electrical circuit according to 

any of the preceding claims and wherein said at least one stimulation electrode 
comprises a plurality of individually controllable sections. 

20. A method for electrical testing of an electrical circuit having first and 
10 second side surfaces and including a plurality of conductors, the method comprising 
the steps of: 

applying an electromagnetic field in a non-contact manner to at least one of 
first and second side surfaces of said electrical circuit; and 

sensing a resulting electromagnetic field in a non-contact manner at various 
15 locations along at least one of said first and second side surfaces of said electrical 
circuit, wherein at least one of said applying and sensing steps employs non-contact 
electrodes disposed along both said first and second side surfaces of said electrical 
circuit. 

20 21. A method for electrical testing of an electrical circuit according to 

claim 20 and wherein said applying step includes employing at least first and 
second simulation electrodes disposed adjacent respective ones of said first and 
second side surfaces of said electrical circuit to apply at least one electromagnetic 
field thereto. 
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22. A method for electrical testing of an electrical circuit according to 
either of claims 20 and 21 and wherein said sensing step includes employing at 
least first and second sensing electrodes disposed adjacent respective ones of said 
5 first and second side surfaces of said electrical circuit to sense said resulting 
electromagnetic field. 

23. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20 - 22 and also comprising generating at least one 



10 



stimulation signal and providing it to at least one stimulation electrode. 



24. A method for electrical testing of an electrical circuit according to 
claim 23 and wherein said generating step provides stimulation signals to a plurality 
of stimulation electrodes in a manner such that signals induced in said electrical 
„ circuit by individual ones of said stimulation electrodes may be distinguished from 

each other. 

25. A method for electrical testing of an electrical circuit according to 
claim 24 and also comprising receiving signals induced in said electrical circuit by 
individual stimulation electrodes and distinguishing said signals from each other. 

26. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20 - 25 and also comprising analyzing at least one 
signal induced in said electrical circuit. 
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27. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20 - 26 and also comprising receiving at least one 
signal derived from said resulting electromagnetic field and comparing said at least 

5 one signal with a reference. 

28. A method for electrical testing of an electrical circuit according to 
claim 27 and also comprising providing a defect report relating to said electrical 
circuit based on the comparing step. 

10 

29. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20-28 and wherein said applying step employs first 
and second stimulation electrodes disposed alongside a first side of said electrical 
circuit and a third stimulation electrode disposed alongside a second side of said 

15 electrical circuit. 

30. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20 - 29 and wherein said sensing step employs a linear 
array of sensing electrodes. 

20 

31. A method for electrical testing of an electrical circuit according to 
claim 29 and claim 30 and wherein said linear array is disposed intermediate first 
and second stimulation electrodes. 
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32. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20 - 31 and wherein said applying step employs a 
linear array of stimulation electrodes. 

5 

33. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20 - 32 and wherein said sensing step employs first 
and second sensing electrodes disposed alongside a first side of said electrical 
circuit and a third sensing electrode disposed alongside a second side of said 

10 electrical circuit. 

34. A method for electrical testing of an electrical circuit according to 
any of the preceding claims 20 - 32 and wherein said sensing step employs first and 
second sensing electrodes disposed alongside a first side of said electrical circuit. 

15 

35. A method for electrical testing of an electrical circuit according to claim 
32 and claim 33 or claim 34 and wherein said linear array is disposed intermediate 
first and second stimulation electrodes. 

20 36. A method for electrical testing of an electrical circuit according to 

claim 24 and wherein said generating step provides signals having different 
frequencies to different ones of said stimulation electrodes. 
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37. A method for electrical testing of an electrical circuit according to 
claim 24 and wherein said generating step provides multiplexed signals to different 
ones of said stimulation electrodes. 

5 38 . A method for electrical testing of an electrical circuit according to 

any of the preceding claims 20 - 37 and wherein said applying step employs at least 
one stimulation electrode comprising a plurality of individually controllable 
sections. 

10 39. A method according to any of claims 20 - 38 and also comprising 

the step of grounding an intermediate metal layer in said electrical circuit. 

40. A method according to any of claims 20 - 39 wherein said sensing 
step comprises sensing potentials on one side of the electrical circuit and sensing 

15 potentials on the opposite side of the electrical circuit. 

41. A method for electrical testing of a multi-layered electrical circuit 
having first and second side surfaces and including a plurality of conductors, the 
method comprising the steps of: 

20 grounding an intermediate metal layer in the electrical circuit; 

inducing potentials into at least some of the conductors of said electrical 

circuit; 

sensing a resulting electromagnetic field in a non-contact manner at various 
locations along at least said first side surface thereof to obtain electromagnetic field 
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data characteristic of the electrical circuit. 

42. A method for electrical testing of a multi-layered electrical circuit 
according to claim 41 and also comprising sensing a resulting electromagnetic field 

5 at various locations along at least said second side surface thereof to obtain 
electromagnetic field data characteristic of the electrical circuit. 

43. A method for electrical testing of a multi-layered electrical circuit 
according to either claim 41 and 42 wherein the electromagnetic field data is for the 

10 potential in conductors comprising the electrical circuit. 

44. A method for electrical testing of a multi-layered electrical circuit 
according to any of claims 41-43 wherein said inducing step comprises inducing 
potentials on both a first side and a second side of the electrical circuit. 

15 

45. A method for electrical testing of a multi-layered electrical circuit 
according to claim 44 wherein inducing step comprises inducing potentials on the 
first side of the electrical circuit which are differentiable from potentials induced on 
the second side of the circuit. 

20 

46. A method for electrical testing of a multi-layered electrical circuit 
according to claim 45 wherein the inducing step comprises inducing potentials 
which are differentiable by frequency. 
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47. A method for electrical testing of a multi-layered electrical circuit 
according to claim 45 wherein the inducing step comprises inducing potentials 
which are multiplexed. 

5 

48. A method for electrical testing of a multi-layered electrical circuit 
according to any of claims 44 - 47 wherein the sensing step comprises sensing 
electromagnetic field data on one side of the electrical circuit. 

10 49. A method for electrical testing of a multi-layered electrical circuit 

according to claim 48 wherein the sensing step further comprises distinguishing the 
electromagnetic field resulting from potentials induced on the first side of the 
electrical circuit from the electromagnetic field resulting from potentials induced on 
the second side of the electrical circuit. 

15 

50. A method for electrical testing of a multi-layered electrical circuit 
according to any of claims 41-43 wherein said inducing step comprises inducing 
potentials on a first side of the electrical circuit. 

20 51. A method for electrical testing of a multi-layered electrical circuit 

according to claim 50 and claim 45 wherein the inducing step employs a plurality of 
stimulators, and each stimulator induces potentials which are differentiable by 
frequency. 
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52. A method for electrical testing of a multi-layered electrical circuit 
according to claim 50 and claim 45 wherein the inducing step employs a plurality of 
stimulators, and each stimulator induces potentials which are multiplexed. 

5 

53. A method for electrical testing of a multi-layered circuit according to 
any of claims 50 - 52 wherein the sensing step employs at least a first sensor and a 
second sensors arranged along a first side of the electrical circuit. 



10 



54. A method for electrical testing of a multi-layered electrical circuit 
according to claim 53 wherein the sensing step additionally employs a third sensor 
located along a second side of the electrical circuit. 



55. A method for electrical testing of a multi-layered electrical circuit 
15 according to either claim 53 or 54 and also comprising correlating electromagnetic 

field data sensed by the sensors to a stimulator. 

56. A method for electrical testing of a multi-layered electrical circuit 
according to any of claims 41 and 55 and also comprising determining electrical 

20 continuity of at least some of said conductors by comparing the electromagnetic 
field data to reference electromagnetic field data characteristic of a desired 

electrical circuit. 
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57. A method for electrical testing according to any of claims 41 - 57 
and wherein said inducing step is carried out in a non-contact manner. 

58. A method for electrical testing of a multi-layered electrical circuit 
5 having first and second side surfaces and including a plurality of conductors, the 

method comprising the steps of: 

stimulating the electric circuit to induce in proximity thereto an 
electromagnetic field; 

acquiring electromagnetic field data in a non-contact manner at various 

10 locations along the first side surface; 

acquiring electromagnetic field data in a non-contact manner at various 
locations along the second side surface; 

determining electrical continuity characteristics of said conductors by 
analysis of electromagnetic field data for the first side surface and by analysis of 
15 electromagnetic field data for the second side surface. 

59. A method for electrical testing according to claim 58, wherein the 
analysis steps employs reference data characteristic of an electrical circuit having 
known structure. 

20 

60. A method for electrical testing according to either of claims 58 and 
59, wherein the electrical circuit is a multi-layered circuit which comprises at least 
one intermediate layer which is substantially completely metalized, and the method 
includes grounding the at least one substantially completely metalized layer. 
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61. A method for electrical testing of an electrical circuit having a 
plurality of electrically conductive elements, the method comprising the steps of: 

applying a first electromagnetic field to said electrical circuit with at least one 
5 stimulator located near but not contacting said article on a first side thereof; 

applying a second electromagnetic field to said article at generally the same time 
as said first electromagnetic field with at least one stimulator located near but not 
contacting said article on a second side thereof; 

separately detecting first and second potentials induced on said electrically 
10 conductive elements of the article by said first and second electromagnetic fields, 
respectively. 

62. The method according to claim 61 and wherein the first and second 
steps of applying an electromagnetic field comprise the steps of generating 

15 electromagnetic signals of first and second frequencies, respectively. 

63. The method according to claim 61 and wherein said step of 
separately detecting includes the step of sensing said potentials with at least one 
sensor located near said first side of said article. 

20 

64. The method according to any one of previous claims 61 - 63 and 
further comprising the step of scanning by at least one said sensor. 
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65 The method according to claim 64 and wherein said step of scanning 
includes the step of scanning in a first scanning direction and Mowed by the step 
of scanning in a second scanning direction which is substantially perpendicular to 
said first scanning direction. 

5 

66. The method according to claim 64 and wherein said step of scanning 
includes the step of scanning the article in a first position and Mowed by the step 
of scanning the article in a second position which is upside-down from said first 
position. 

10 

67. The method according to any of previous claims 60 - 66 and further 
comprising step of grounding internal metal layers of said article. 

68. Apparatus for electrically testing an article having an electric circuit 
15 therein formed of a plurality of conductors, the apparatus comprising: 

a first electromagnetic field generator applying a first electromagnetic field to said 
article, wherein said first field generator comprises at least one stimulator located near 
but not in contact with a first side of the article; 

a second electromagnetic field generator applying a second electromagnetic field 
20 to said article, wherein said second field generator comprises at least one stimulator 
located near but not in contact with a second side of the article, wherein said second side 

is opposite said first side; and 

a sensor operative to separately detect first and second potentials induced on the 
conductors by said first and second electromagnetic fields, respectively. 
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69. Apparatus for electrically testing an article according to claim 68 
and wherein said sensor comprises an array of sensors adjacent to said at least one 
stimulator of said first field generator. 

5 

70. Apparatus for electrically testing an article according to any of 
claims 68 - 69, wherein said first field generator generates an electromagnetic field 
at a first frequency, and said second field generator generates an electromagnetic 
field at a second frequency. 

71. Apparatus for electrically testing an article according to any of 
claims 68 - 70 and wherein said first field generator comprises a first stimulator and 
a second stimulator operative to generate the electromagnetic field. 

15 72. Apparatus for electrically testing an article according to claim 71 

and wherein said first stimulator and second stimulator each generate a field which 
are 180 degrees out of phase with respect to each other. 

73. Apparatus for electrically testing an article according to any of 
20 claims 68 - 72 and wherein at least one of said stimulators is made of a plurality of 

strip-shaped elements. 

74. Apparatus for electrically testing an article according to claim 73 
wherein said strip-shaped elements extend obliquely relative to said array of 
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sensors. 



75. Apparatus for electrically testing an article according to any of 
claims 68 - 72, wherein at least one of said stimulators is made of a plurality of 
5 patch-shaped stimulators. 



76. A method for electrically testing an article having a plurality of 
conductors therein, the method comprising the steps of: 

subjecting a first side of the article to an electromagnetic field with at least one 
10 stimulator in close but not in contact arrangement with a first side of the article; 

scanning said side of the article in at least two partially orthogonal directions with 
a not in contact sensor; 

sensing potentials induced on the conductors by the electromagnetic field; 
analyzing the potentials to determine the existence of defects in the elements. 

15 

77. A method according to claim 76, comprising the additional steps of: 
subjecting a second side of the article to a second electromagnetic field with a 

second stimulator in close but not in contact arrangement with the second side; 

scanning said side of the article in at least two at least partially orthogonal 
20 directions with a not in contact sensor and sensing the induction of potentials induced on 
the elements by the second electromagnetic field; 

analyzing the potentials induced by the second electromagnetic field to determine 
the existence of defects in the elements. 
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78. The method according to claim 77 wherein said article is subjected 
to said first and second electromagnetic fields at generally the same time. 

5 79. The method according to claim 78 wherein the electromagnetic 

fields are propagated at different frequencies. 

80. The method according to claim 77 wherein the article comprises a 
metal layer, and the metal layer is grounded. 

10 

81. The method according to claim 77 wherein the article is subjected to 
the first and second electromagnetic fields one after the other. 

82. A method for the electrical testing of an article having a plurality of 
15 electrically conductive elements and internal conductive layers, the method 

comprising the steps of: 

subjecting the article to an electromagnetic field with at least one stimulator in 
close but not in contact arrangement with at least one side of the article; 
grounding said internal conductive layers of said article; 
20 scanning said at least one side of the article with a not in contact sensor and 

sensing the induction of potentials induced on the elements by the electromagnetic field; 
analyzing the potentials to determine the existence of defects in the elements. 
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